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ABSTRACT 
This research was designed to investigate the effects 
of alien germplasm on maize hybrids and to evaluate this 
material as a potential buffer against problems inherent in 
phenotypically uniform dent lines. 
A performance trial was grown in three replications 
over two years to accomplish the above goals. These trials 
consisted of three separate groups of maize hybrids each 
differentiated by the amount and type of alien genes pres¬ 
ent in their backgrounds. The first group was based on 
lines containing alien genes only from teosinte which were 
transferred as a result of repeated backcrossing. These 
were used in the form of seven isogenic lines of dent in- 
bred A158. The third group contained these seven intro- 
gressed teosinte lines as well as an additional extra 
chromosome derived from Tripsacum which had been transferred 
to a Havels-Al58 background. The second group was a control 
and consisted of crossing the Havels-Al58 inbred, without 
the Tripsacum chromosome, by the A158 teosinte substitution 
lines. 
The data collected from these crosses were statisti¬ 
cally analyzed by utilizing different computer programs. 
A significant increase in heterosis was seen for two of the 
hybrids containing the extra Tripsacum chromosome. The 
VI 
Havels line containing the Tripsacum germplasm also had 
the largest general combining ability value. Standard 
deviations increased almost eighty percent from Group I 
to Group III, indicating the increased diversity generated 
as the parental genotypes of the hybrids became more 
diverse. 
In addition, a cytological examination for the extra 
Tripsacum chromosome was performed. This necessitated 
meiotic studies in both pachytene and diakinesis. This 
confirmed the transmission of the alien chromosome into 
the eight hybrids of Group III. 
Finally, kernel storage proteins were examined via 
polyacrylamide isoelectric focusing. This provided an 
additional measure of increased genotypic diversity. Both 
the inbred Havels line containing the alien chromosome and 
the hybrids of Group III showed a more complex protein 
profile than the other testers and the other two groups of 
hybrids. 
Vll 
TABLE OF CONTENTS 
ACKNOWLEDGMENTS . V 
LIST OF TABLES. xi 
LIST OF ILLUSTRATIONS.xii 
LIST OF APPENDIX TABLES.xiii 
Chapter 
I. INTRODUCTION . 1 
Preface . . . . . 1 
Taxonomic Considerations  3 
Biosystematic Approaches  8 
Gene Flow and Genetic Exchange.14 
Introgression  14 
Recombination ..19 
Evolutionary Considerations . 21 
II. LITERATURE REVIEW  25 
Heterosis.25 
Introduction and theories . 25 
Recent topics of discussion  29 
Techniques for Genome Modification . 32 
Wide crosses.22 
Alien addition and substitution lines .... 34 
Experimental introgression  37 
Genetic engineering . 29 
Electrophoresis  ^9 
Breeding with Exotic Germplasm . 42 
Programs utilizing exotic germplasm . 42 
Genetic vulnerability  45 
III. STATEMENT OF THESIS PROBLEM  49 
IV. FIELD PERFORMANCE OF THE HYBRIDS.54 
Statistical and Field Design . 54 
Description of the Hybrid Lines  54 
Planting Technique for Yield Trials . 57 
Field Measurements.28 
Yield ta.29 
Metric weight . 29 
Percent moisture  29 
viii 
Ear number.61 
Days to anthesis.62 
Number of tillers.6  
Plant height. 2 
Ear measurements.63 
Ear l ngth.63 
Ear widt .6 3 
Kernel row number.6 3 
V. CYTOLOGICAL AND BIOCHEMICAL PERFORMANCE . 64 
Cytological Survey . 64 
Materials and methods  64 
Results.65 
Electrophoretic Survey  65 
Materials and methods  70 
Running conditions  71 
esults.74 
VI. RESULTS AND ANALYSIS . . .•.88 
Statistical Analysis  88 
Individual group traits  88 
Group I plant traits.8 8 
Group II plant traits.90 
Group III plant traits .94 
Heterosis.97 
Duncan's Multiple Range Test  101 
Combining Ability . 104 
Frequency Distribution  109 
Scatter Diagrams and Correlations Analyzed 
by Groups.113 
Scatter Diagrams and Correlations Analyzed 
by Hybrid Lines.110 
Agronomic Analysis . 121 
VII, DISCUSSION AND CONCLUSIONS  126 
Genome Variation  126 
Enhanced genome variation . 126 
Heterosis Reexamined  130 
Heterosis of yield.130 
Heterosis as related to hybrid pedigree ... 136 
Effects of the Tripsacum chromosome 
associated with yield.143 
Prolificacy in maize hybrids . 146 
Combining Ability . 1^1 
IX 
General combining ability . 151 
Specific combining ability  153 
Alien Gene Expression.154 
Genetic Improvement of Maize  156 
REFERENCES CITED . 159 
APPENDIX.173 
X 
LIST OF TABLES 
1. Tribal Classifications for Corn, Teosinte, 
and Tripsacum. 4 
2. Taxonomy of Zea as Done by Doebley and litis 
with Reference to that of Wilkes. 7 
3. Pedigree Listing of Inbred and Hybrid Lines .... 51 
4. Experiment Design Showing Mean Yields . 55 
5. Analysis of Data: F Values.60 
6. Cytological Examination . 66 
7. Gel Reagents for Isoelectric Focusing . 72 
8. Index of Electrophoretic Results  75 
9. Group I Plant and Ear Traits Expressed on a 
Per Plant Basis . .89 
10. Group II Plant and Ear Traits Expressed on 
a Per Plant B sis.92 
11. Group III Plant and Ear Traits Expressed 
on a Per Plant Basis.95 
12. Heterosis in Yield. 8 
13. Duncan's Range Test.102 
14. General Combining Ability Values  105 
15. Parental Analysis of Variance  106 
16. Regression Analysis of Variance  107 
17. Specific Combining Ability Values . 110 
18. Frequency Distribution of Yield  Ill 
19. Hybrid Correlations by Group  114 
20. Hybrid Correlations for Lines 1 through 4 . 118 
21. Hybrid Correlations for Lines 5 through 8  119 
22. Agronomic Characters Ranked in Relation to 
Yi l .122 
23. Standard Deviations as Related to Heterosis .... 129 
24. Total Yield as Related to Genome Constitution 
of the Hybrids.142 
25. Phenotypic Expression of Tripsacum Chromosome . . . 145 
XI 
LIST OF ILLUSTRATIONS 
Figure 
1. Diagram of Protein Profile for the 
Three Imbred Tester Lines . 76 
2. Diagram of Protein Profile for the 
Hybrids of Group I.78 
3. Diagram of Protein Profile for the 
Hybrids of Group II.  0 
4. Diagram of Protein Profile for the 
Hybrids of Group III.82 
5. Graphic Presentation of General 
Combining Ability Values  108 
6. Frequency Distribution of Total Yield 
Data for the Three Groups.112 
7. Group I Scattergram for Total versus 
Prolific Yield ..131 
8. Group II Scattergram for Total versus 
Prolific Yield  132 
9. Group III Scattergram for Total versus 
Prolific Yield  133 
10. Histogram Showing Total Yield Arranged 
by Teosinte Substitution Lines . 138 
11. Histogram for Group I Hybrids Indicating 
the Percent of Total Yield Obtained 
from Prolific Yield.148 
12. Histogram for Group II Hybrids Indicating 
the Percent of Total Yield Obtained 
from Prolific Yield.149 
13. Histogram for Group III Hybrids Indicating 
the Percent of Total Yield Obtained 
from Prolific Yield.150 
Plate 
1. Drawing Illustrating the Contrasting Plant 
Traits of Maize, Teosinte and Tripsacum .... 10 
2. Tripsacum Chromosome at Pachytene . 68 
3. Tripsacum Chromosome at Diakinesis  69 
4. Photograph of Isoelectric Focusing Gel of 
the Three Tester Lines and the Protein 
Testing Solution . 85 
5. Photograph of Isoelectric Focusing Gel 
Showing the Hybrid Profiles of Group I .... 86 
6. Photograph of Isoelectric Focusing Gel 
Showing the Hybrid Profiles of Group II ... . 87 
7. Group I Hybrid Ear Types.91 
8. Group II Hybrid Ear ypes.93 
9. Group III Hybrid Ear Types.96 
xii 
LIST OF APPENDIX TABLES 
26. Contrasting Plant Traits of Maize, Teosinte, 
and Tripsacuip.174 
27. Electrophoretic Surveys of Zea.177 
Xlll 
CHAPTER I 
INTRODUCTION 
Preface 
This research has been funded by an SEA/CR grant (No. 
701-15-50) awarded to Dr. Walton C. Galinat under the sec¬ 
tion covering the genetic vulnerability of crop plants. 
The experimental materials were provided by Dr. Galinat. 
Both field and laboratory facilities were located at the 
Suburban Experiment Station, Waltham, a part of the Massa¬ 
chusetts Agricultural Experiment Station of the University 
of Massachusetts, Amherst. The thesis was designed to in¬ 
vestigate the effects of alien germplasm on maize hybrids 
and to evaluate this material as a potential buffer against 
problems inherent in phenotypically uniform dent lines. 
To accomplish this investigation, a yield trial was 
grown in three replications over two years. These trials 
consisted of three separate groups of maize hybrids each 
differentiated by the amount and type of alien genes pres¬ 
ent in their backgrounds. The first group contained only 
alien genes from teosinte, transferred as a result of re¬ 
peated backcrossing into seven isogenic lines of dent inbred 
A158. The third group contained these seven introgressed 
teosinte lines as well as an additional extra chromosome 
1 
2 
derived from Tripsacum, referred to as Tr 7, which had been 
transferred to a Havels-Al58 background. The second group 
was the control and consisted of hybrids resulting from 
crossing the Havels-Al58 line without the Tr 7 chromosome 
by the A158 teosinte lines. 
The data collected from the hybrid performance trials 
were analyzed statistically at the University Computing 
Center. This was made possible by a scholarship awarded by 
the Computer Center that opened a Computer Service Account. 
The following specific calculations were then made: ANOVA 
for 13 dependent variables, percent heterosis exhibited by 
the hybrids, frequency distributions, appropriate correla¬ 
tions and regressions, Duncan's Range Tests, and, general 
and specific combining ability. 
Kernel storage proteins were examined via polyacryla¬ 
mide isoelectric focusing to check for any correspondence 
between banding patterns and increased variation or in¬ 
creased performance of the hybrids in the field. This also 
permitted an assessment of electrophoretic fingerprinting 
as a method of maize hybrid identification. 
In addition, a cytological examination for the pres¬ 
ence of the Tripsacum chromosome was performed. This in¬ 
volved the study of chromosomes in two stages of meiosis; 
pachytene and diakinesis. 
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Taxonomic Considerations 
The taxonomic classification of maize, teosinte, and 
Tripsacum has been, and still is, in a state of continuous 
fluctuation. This controversy, which directly concerns 
their evolutionary relationships, is reflected both in the 
various taxonomic designations which have been ascribed to 
teosinte and in various tribal and subtribal designations 
which exist for these different taxa. Nevertheless, a cur¬ 
sory discussion of their taxonomic classifications is an 
important starting place for exploring their genetic 
relationships. 
The tribal classification of maize, teosinte and Trip¬ 
sacum becomes problematic in attempting to absolutely dis¬ 
tinguish between the perfect flowered (hermaphroditic) 
species of the Andropogoneae, and the unisexual flowers of 
the Maydeae which exist in a monoecious condition. Current¬ 
ly, Maydeae is the tribal name used most often when classi¬ 
fying maize. However, as enumerated in Table 1, there are 
other alternatives to this system. One utilizes the tribal 
name of Tripsaceae (Hitchcock and Chase, 1950) while another 
proposes a subtribe of the Andropogoneae called the Tripsa- 
cinae (Clayton, 1973) . Recent serological studies (Smith 
and Lester, 1980) support the subtribal classification of 
the Tripsacinae as presented by Clayton (1973), which 
4 
TABLE 1 
TRIBAL CLASSIFICATIONS 
FOR CORN, TEOSINTE, AND TRIPSACUM 
I. Hackel, E. (1890) 
A. Tribe: Maydeae 
1. Genera; Zea 
Tripsacum 
Euchlaena 
(all above New 
World members) 
Coix 
Polytoca 
Schlerache 
Chionacne 
(all above Old 
World members) 
II. Hitchcock, A. S. (1935) and Hitchcock and Chase (1950) 
A. Tribe: Tripsaceae 
1, Genera: Euchlaena 
Zea 
Coix 
Tripsacum 
III. Celarier, R. P. (1957) 
A. Tribe: Andropogoneae 
1. Subtribe: Maydeae 
a) Genera: Zea (mays and 
mexicana) 
Tripsacum 
Coix 
Trilboachne 
Polytoca 
Sclerachne 
Chionachne 
IV. Clayton, W. D. (1973) 
A. Tribe: Andropogoneae 
1. Subtribe: Tripsacinae 
a) Genera; Tripsacum 
Euchlaena 
Zea L. 
V. Wilkes, H. G. (1967) 
A. Tribe: Maydeae 
1. Section: Zea 
Genera: Zea mays 
2. Section: Euchlaena 
Genera: Zea mexicana: six races 
Doebley and litis (1980) and litis and Doebley (1980)* 
*See Table 2 
VI. 
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contains only Tripsacum^ teosinte and maize. The Maydeae, 
on the other hand, generally is considered to contain three 
New World members and four Oriental genera. It should be 
pointed out that while the Maydeae system of classification 
as described by Celarier (1957) and others may not accurate¬ 
ly reflect the great antiquity of Tripsacum as does the sub- 
tribal classification of the Tripsacinae, it is used here 
in deference to its more traditional usage. 
The teosintes were considered to be in a different 
genus (Euchlaena spp) from maize (Zea) when Beadle (1932) 
published data on the frequency of crossing-over in maize 
X teosinte hybrids. Numerous taxonomic revisions have 
taken place since then. Almost ten years after Beadle's 
publications, Reeves and Manglesdorf (1942) had placed the 
teosintes within the same genus as maize. A more recent 
version of this classification was presented by Celarier 
(1957). About 25 years later, H. G. Wilkes' survey of 
annual teosinte populations in Mexico and Guatemala was com¬ 
pleted. He identified six races of teosinte, leaving them 
all within the species Zea mexicana (Wilkes, 1967). These 
six races were grouped under the section Euchlaena while 
cultivated maize was placed in another section, Zea. 
Recently, the races of teosinte and maize have under¬ 
gone yet another taxonomic change which includes the re¬ 
cently discovered diploid perennial teosinte (litis et al., 
6 
1979). This proposed revision of the taxonomy of Zea 
(Doebley and litis, 1980; litis and Doebley, 1980) is sum¬ 
marized in Table 2. Their system presents a coherent tax- 
onomical classification which emphasizes these points: 
1) the taxonomic classes are not biased by the domes¬ 
tic changes which have modified the female spike of 
cultivated maize; 
2) the close relationship of corn and annual teosinte 
is recognized by placing them in conspecific sub¬ 
species, and, 
3) it places the more distant teosintes (the perennial 
types and the Guatemalan race) in a separate section 
which emphasizes their more primitive condition. 
The number of cytological and morphological studies 
undertaken to examine the relations between maize, teosinte 
and Tripsacum is considerable (Kato, 1975; Ting, 1964; 
Wilkes, 1967; Tantravahi, 1968) . All of these have demon¬ 
strated a greater variability to exist in both teosinte and 
Tripsacum than in maize. Such variability is seen in floral 
characteristics, cytological characteristics, and growth 
habits. For example, the various teosintes include sub¬ 
species which are annual diploids, a perennial diploid, and 
a perennial tetraploid. They vary greatly in daylength 
sensitivity, rhizome formation, tillering habit and other 
characters as do the subspecies of Tripsacum. The different 
plant types of maize, teosinte and Tripsacum are presented 
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TABLE 2 
TAXONOMY OF ZEA AS DONE BY DOEBLEY AND ILTIS 
WITH REFERENCE TO THAT OF WILKES 
Doebley and litis (1980) _Wilkes (1967) 
Tribe: Andropogoneae Tribe: Maydeae 
Subtribe: Tripsacinae 
Section: Zea Section: Zea 
Zea mays spp. 
cultivated 
mays: Zea mays 
maize 
: cultivated 
• 
Section: Euchlaena 
Zea mexicana 
Zea mays spp. mexicana Race: Nobogame 
Race: Chaleo 
Race: Central Plateau 
Zea mays spp. parviglumis 
var. parviqlumis Race: Balsas 
var. huehuetenan Race: Huehuetango 
gensis 
Section: Luxuriantes 
Zea luxurians Race: Guatemala 
Zea perennis 
Zea diploperennis 
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in Plate 1. A number of such contrasting traits are 
categorized in the first appendix. 
Biosystematic Approaches 
This section supplements the previous taxonomic 
information by providing additional details of the genetic 
interrelations between maize, teosinte, and Tripsacum. As 
emphasized by Stalker (1980) in his recent review, these 
biosystematic approaches offer valuable information to 
breeders using progenitor germplasm in a crop improvement 
program. Such studies help to shed light upon the complex 
genetic interactions which can occur between a crop plant 
and its wild relatives. Hawkes (1979) has enumerated some 
of the beneficial outcomes which can arise from "taxonomy 
with a view to helping plant breeders," stressing the im¬ 
portance of gene flow and introgression as being useful to 
breeders. 
The following criteria are among the many which should 
be examined when a wide crossing program is being consid¬ 
ered: 
1) sterility barriers between the species involved, 
partial or complete, successfully circumvented; 
2) genetic distances between the parental types, 
consequences noted; 
3) chromosome homologies and/or homoeologies; 
4) potential for genetic recombination to occur. 
9 
Plate 1. Drawing illustrating the contrasting plant 
traits of maize, teosinte, and Tripsacum. (Drawing courtesy 
of Dr. Walton C. Galinat.) (A) Drawing of Tripsacim which 
emphasizes the numerous, thick stems and bisexual lateral 
inflorescenes. (B) Plant type of teosinte showing numerous 
tillers. (C) Corn plant showing its monoecious condition 
with solitary female spike separated from a large, terminal 
tassel. 
10 
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how much, and, 
5) background genome effects upon the expressivity 
of alien genes. 
Sterility barriers have been a problem affecting the 
transfer of germplasm within the Maydeae. The most dramatic 
examples of this occur in crosses of maize and Tripsacum 
(Mangelsdorf, 1974) and when teosinte was pollinated with 
Tripsacum (Tantravahi, 1568). Hybrids produced between 
maize and the annual teosintes may encounter problems with 
gametophyte factors (Galinat, 1971), but, as mentioned pre¬ 
viously, produce fertile offspring. There are a number of 
techniques which can be utilized in circumventing these 
barriers. Those which have been utilized with maize breed¬ 
ing programs have been reported by Galinat (1971) and 
Mangelsdorf (1974). 
The ability to describe genome distances and compati¬ 
bility is also of central importance. The utility of this 
information has helped to correlate genetic distances of 
parental maize types with the hybrid vigor shown in their 
offspring (Moll et al., 1965). This type of correlation 
is also substantiated by the current study. Biochemical 
systems suitable to such analysis have recently been devel¬ 
oped and a number of them have been utilized in Maydeae 
systematics. An extensive chemotaxonomic study was under¬ 
taken by Smith (Smith and Lester, 1980). Electrophoretic 
12 
studies have involved isozyme surveys (Stuber et al., 1980). 
isoelectric focusing (Wrigley, 1977), and zein focusing 
(Larkins et al., 1979). 
Close chromosome pairing affinities are of prime 
importance to both the fertility and stability of a hybrid's 
genome. The normal chromosome pairing which occurs in 
intraspecific hybrids is not to be expected in all wide 
crosses. Chromosomes which do not undergo their usual 
intimate association during meiotic synapsis provide valu¬ 
able information for understanding the degree of homology 
between the species. The degree to which chromosomes of a 
hybrid associate is related to the extent of genetic recom¬ 
bination which could occur within the hybrid. If recombin¬ 
ation is found to occur, then meiotic events leading to the 
breakage of linkage groups and the recovery of favorable 
recombinations or to the transfer of alien genes via trans¬ 
locations are all possible. Particular studies describing 
these events, and their significance, will be examined in 
the next section. 
Finally, the epistatic effects which various genomes 
may have upon experimental alien gene introductions must 
be considered. This type of interaction, between alien 
genetic material and its recipient genome, will be referred 
to within this study as the effects of the background 
genome. These alterations of alien gene expression can be 
13 
caused by position effects, assemblages of modifying genes, 
and possibly, regulatory genes. 
These types of effects have been described in various 
genetic systems by Huxley (1943) in which he summarizes the 
early experimental evidence concerning a gene's expressiv¬ 
ity. He formulated the term "genic balance" to connote the 
idea that individual genes do not act in an independent 
manner; but instead in a manner relative to their inter¬ 
action with neighboring genes. Secondly, he emphasized the 
importance of the total "gene-complex" by taking into 
account the entire environment in which a particular gene 
is contained. 
A recent example of work in maize pertaining to such 
studies of expressivity concerns the opaque-2 gene. Here, 
studies by Soave (Soave et al., 1976) indicated that the 
expressivity of the o2 gene varied significantly in most of 
the inbred genomes studied. They concluded that the o2 
allele's expression is dependent upon both differing 
structural and regulatory components as found to be present 
in the various inbred backgrounds tested. 
The current study was designed with this in mind. 
Here, it has been possible to monitor the expressivity of 
an alien Tripsacum chromosome in different background 
genomes of maize and maize-teosinte derivatives. These 
different genomes consist of seven isogenic lines of a dent 
14 
inbred, A158, each being distinguished by the amount of 
experimentally introgressed teosinte germplasm. 
Gene Flow and Genetic Exchange 
Introgression. An essential point concerning the biosys- 
tematics of a species is the extent to which it tolerates 
either limited or essentially unlimited gene flow. Within 
the Maydeae, substantial gene flow has occurred via intro- 
gressive hybridization. As stated first by Anderson 
(Anderson and Hubricht, 1938) and later by Stebbins (1950), 
introgression must result in the transference of genetic 
material from one species to another and that this trans¬ 
ferred germplasm then becomes part of the recipient species' 
gene pool. However, the process of defining and following 
the phenotypes of introgressed germplasm is often very 
difficult. 
The particular selective regime of the species being 
studied is of central importance when making such determin¬ 
ations. It determines if a species is able to exploit the 
products of an initial hybridization event. Introgressive 
patterns are very labile in plant populations. Thus, they 
are also best viewed by taking into account the particular 
evolutionary demands of a species and those selective pres¬ 
sures specific to plants as described by Bradshaw (1972) . 
Introgressive events within the Maydeae most often debated 
15 
involve the following concerns: 
1) identification of the correct source of the 
introgressions; 
2) determination of the evolutionary sequence under 
which these events occurred, and, 
3) explanations of these events within the current 
view of the Maydeae biosystematic structure. 
On a superficial level, it would seem likely that the 
first point above should be resolved fairly easily, leaving 
the next two points open for debate. But in fact, there 
have been numerous misconceptions concerning exactly which 
species have been involved in introgression within the 
Maydeae. For example, the effects originally attributed to 
introgression from Tripsacum into maize (Mangelsdorf, 1974) 
are now considered to be the effects of primitive teosinte 
introgression (Galinat, 1971, 1977). 
Presently, the introgression of traits from teosinte 
into maize is widely accepted (Wilkes, 1977; Galinat, 1977). 
Problems still occur, however, concerning this introgression 
and its role in the evolution of maize. The potential util¬ 
ity which comes from a more complete understanding of such 
introgression is demonstrated by the role it has played in 
the corn belt dents (Sehgal and Brown, 1965). In addition, 
a better understanding of these effects within the Maydeae 
becomes important when considering experimental introgres¬ 
sion and its potential use in a breeding program. An 
16 
example of this occurs with Guatemalan teosinte in compari¬ 
son to the Mexican teosintes. The latter have evolved a 
system of block inheritance originating from disruptive 
selection during its sympatric growth with corn (Galinat, 
1973b). The former, Guatemalan populations of teosinte, 
have not evolved this system and thus reflect their more 
primitive condition (Rogers, 1950) . This system of block 
inheritance makes certain components from the Mexican 
teosintes less available to the genetic improvement of 
maize than their counterparts in the Guatemalan teosintes 
(Galinat, 1973b). 
Gene flow from wild species into their domesticated 
relatives is seen in many crops; i.e., tomato (Rick, 1958), 
rye (Stutz, 1972), and rice (Chang, 1976). A more contro¬ 
versial situation exists when the reverse trend is consid¬ 
ered; that being gene flow from the domesticated species 
into the wild forms. The reciprocal introgression thought 
to occur between teosinte and maize (Goodman, 1976; Wilkes, 
1977) has recently been subjected to criticism (Doebley, 
1981). Introgression of this type, with genes being ex¬ 
changed from cultivated to wild forms, occurs in certain 
populations of rice (Chang, 1976). Nevertheless, the 
question remains as to exactly which maizoid traits wild 
populations of teosinte might be able to utilize. 
Wilkes (1972, 1977) has described such traits which 
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populations of teosinte, growing sympatrically with corn, 
seem to have obtained as a result of introgression from 
maize. Rejections of this interpretation have come from 
Doebley (1980) and litis (litis and Doebley, 1980). As 
stated in the conclusion of his thesis, Doebley argues that 
extant teosinte populations have not been "substantially 
altered from the condition in which they existed prior to 
the domestication and dispersal of maize" (Doebley, 1980). 
Instead, based upon his analysis of five plant traits, he 
concludes that variation within populations of teosinte is 
a result of both geographic speciation and natural 
selection. 
Three of these traits, that of seed size, fruitcase 
shape and sheath characters, are of special interest in that 
they can be seen in contrast within the wild and weedy forms 
of teosinte as described by Wilkes (1972, 1977). These 
populations are ones which are particularly subject to the 
effects of disruptive selection as enforced by both man and 
nature (Doggett, 1965; Galinat, 1973b). They are weedy, 
sympatric populations of teosinte, which have evolved after 
their reintroduction with cultivated maize. Thus, they 
have a unique selective regime which allows for their sur¬ 
vival despite competition and hybridization with the races 
of maize found in the Mexican corn fields. 
In addition, the direction of condensation, as 
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described by Galinat (1980), is readily discernable in 
fruitcase size and structure among these teosinte varieties. 
Condensation of the spikes in the more primitive teosintes 
is much more relaxed than in the triangulated Chaleo 
teosintes. This triangulation and increased condensation 
can be experimentally induced in trapezoidal teosinte when 
crossed with maize (Galinat, unpublished). Here again, the 
triangulation, a result of increased condensation of the 
teosinte spikes, occurs most widely in populations of 
teosinte which have evolved in closest proximity to maize 
(Wilkes, 1967). 
The above considerations present evidence for the 
possible modification of specific races of teosinte; es¬ 
pecially those of the weedy plant habit. These are the 
teosintes which seem most altered and at the same time 
share a close physical relationship in the maize fields 
of Mexico. 
A survey of introgression within the Maydeae should 
consider the possible role of Tripsacum. Although it is 
possible to experimentally cross maize with various Trip¬ 
sacum species, this must occur in the absence of specific 
gametophytic barriers (de Wet and Harlan, 1978) and usually 
requires special crossing and propogation techniques. 
There does seem to be evidence for ongoing introgression 
between maize and Tripsacum in natural South American 
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populations (de Wet et al.^ 1981). Numerous experimental 
hybrids have been produced as will be discussed in later 
chapters. Attempts to hybridize teosinte with Tripsacum 
have all met with failure (Tantravahi, 1968) . Thus, 
introgression between these two species seems unlikely. 
Recombination. Recombination and its regulation play an 
integral role in the genetic system of a species. The 
recognition of recombination could clarify events such as 
transgressive segregants, mutations or intergenomic ex¬ 
changes which could occur in crossing programs utilizing 
foreign germplasm. In the Maydeae, pairing affinities and 
meiotic synapsis have been studied extensively in maize x 
teosinte hybrids, teosinte x teosinte hybrids and in maize 
X Tripsacum hybrids. 
Emerson and Beadle (1932) demonstrated that normal 
homologous pairing occurs in maize x teosinte hybrids and 
that the percentage of crossing-over was essentially the 
same as that found in maize. Beadle (1932) also demon¬ 
strated that crossing-over was restricted in a region on 
maize chromosome nine when crossed to either Durango or 
Florida teosinte. Additionally, he found that crossing- 
over occurred in the five chromosomes studied in hybrids 
of Zea perennis x maize (Beadle, 1932). 
Work was recently begun to determine the nature of 
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chromosome homology in Zea diploperennis x maize hybrids. 
At the present time it is known that the meiotic configura¬ 
tions in this hybrid are usually regular. However, detailed 
pachytene analysis of the hybrid chromosomes showed two 
heterozygous inversions, one on the short arm of chromosome 
nine and the other on the long arm of chromosome five 
(Pasupuleti and Galinat, in press). The frequency of 
crossing-over in these hybrids is presumed to be normal 
except in the areas of inversions. 
As mentioned in the previous section, natural hybrids 
between maize and Tripsacum are not known because of their 
reproductive isolation. Experimental hybrids, however, 
have been studied with growing interest ever since Mangels- 
dorf and Reeves (1931) succeeded in making the first such 
hybrid. As would be expected, only a small degree of 
chromosome homology is exhibited by such hybrids. Chaganti 
(1965) detected little intergenomic pairing in his cyto- 
logical studies of maize x T. floridanum hybrids. 
The most successful hybrids are produced when T. 
dactyloides serves as the male parent. Viable female 
gametes from such a hybrid may be produced, as described by 
Galinat (1971), in any one of three different ways. The 
choice of the Tripsacum material is critical to the produc¬ 
tion of hybrid material as well as the pathway chosen for 
such work (Harlan and de Wet, 1977). The specific problems 
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involved with such manipulations will be discussed in later 
sections of this study. 
Of particular significance to this topic are the 
studies mapping loci on Tripsacum chromosomes held in common 
with those on maize chromosomes (Galinat, 1973a; Rao and 
Galinat, 1974, 1976). They reported that 5% of the pollen 
mother cells examined showed chiasmatic pairing between 
maize and Tripsacum. Maguire first reported the trans¬ 
location of material from a Tripsacum chromosome to one of 
maize (Maguire, 1957). 
Evolutionary Considerations 
An evolutionary perspective on maize, teosinte and 
Tripsacum should attempt to correlate the biosystematic 
information presented in the preceding sections and to ex¬ 
plain the relationships which exist between the cultivated 
crop, corn, and its wild and weedy relatives. This type of 
evolutionary understanding gives greater insight to plant 
geneticists utilizing wild and progenitor species germplasm 
for crop improvement. 
The sequence of evolutionary events relating maize, 
teosinte, and Tripsacum have been the subject of great con¬ 
troversy ever since the earliest theories were presented. 
Although we currently lack a definitive archeological 
record, that is, one which contains the transitional forms 
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between teosinte and corn, the present record has still 
served a valuable purpose. For, despite this incomplete¬ 
ness, a number of scientists have been compellingly drawn 
forward in establishing their own version of the evolution¬ 
ary emergence of maize. These attempts to reconstruct and 
explain the evolutionary sequences giving rise to corn have 
generated a wealth of information upon which the prominent 
evolutionary theories have been tested and supported. 
Currently, three hypotheses contend with one another 
concerning the evolution of corn. Put concisely, they are: 
(1) that teosinte gave rise to maize (Galinat, 1977; 
Beadle, 1980), (2) that teosinte should be considered as a 
mutation derived from maize (Mangelsdorf, 1974) and (3) 
that maize, teosinte and Tripsacum are all descendants from 
a common ancestor (Weatherwax, 1954). The first hypothesis, 
that the domesticated type called maize arose from human 
selection upon wild forms of teosinte, is currently widely 
accepted (Brown, 1978; Beadle, 1978). This is reflected in 
a shift away from the inadequate Tripartite hypothesis as 
it was originally proposed (Mangelsdorf, 1974) as well as 
away from attempts to resurrect it (Wilkes, 1979). 
The teosinte hypothesis will now be discussed in detail 
as it pertains to the understanding of breeding with wild 
species germplasm. This will include examples of evolution¬ 
ary events with special significance to plant breeders. For 
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example, the importance of condensation within the spikes 
of maize has long been recognized (Anderson, 1944). In an 
evolutionary sense, the direction of condensation has moved 
from the relatively relaxed state of a teosinte spike to 
the highly compressed state of the female maize spike. 
This continuum can be of special importance to breeders as 
pointed out by Galinat (1978). Thus, a gene's expression 
for ear structure can be altered, and better understood, 
by this gradient of condensation. 
The teosinte germplasm directly attributed to giving 
rise to maize stems from the annual teosinte races from 
Mexico (McClintock, 1978; Kato, 1975). Such evolutionary 
connections are important in assessing the utility of more 
distant teosintes, such as Zea luxurians for the improve¬ 
ment of maize (Galinat, 1973b). The more ancient variation 
shown by the perennial forms of teosinte (Galinat, in press) 
and perennial species of Tripsacum (de Wet, 1979) will both 
have important potential value for the genetic improvement 
of maize. 
Finally, evolutionary studies provide information on 
the relatedness of genomes. Recent studies regarding the 
evolution of cereal genomes begin by analysis of its DNA 
and grouping it into repeated and nonrepeated sequences. 
Amplification events can then be studied, and species then 
distinguished from each other, on the basis of these 
repeated DNA sequences (Flavell etad., 1979). Such 
intergenomic studies will complement studies already 
underway which seek the alleles in common between maize, 
teosinte and Tripsacum (Galinat, 1973b). 
CHAPTER II 
LITERATURE REVIEW 
Heterosis 
Introduction and theories. This section reviews the 
current theories regarding heterosis. As used in this 
study, heterosis is defined as the superiority of a hybrid, 
for a given trait, over that observed in the better parental 
lines from which the hybrid was derived. Numerous theories 
have attempted to explain heterosis. Among the most prom¬ 
inent current explanations are dominance, overdominance, 
epistatic and marginal overdominance. A thorough historical 
and experimental review of these theories is presented in 
Cowan's book. Heterosis, published in 1952. Central to all 
of the theories is a mandatory level of heterozygosity. 
Without this, there is no production of quantifiable 
heterotic reactions. However, in the seventy years that 
have transpired since Shull (1911) originally used this 
term, there are still no exact molecular explanations of 
the mechanisms which generate hybrid vigor. 
The dominance hypothesis is considered to be the most 
widely accepted explanation for hybrid vigor. This theory 
is directly related to the deleterious effects of recessive 
genes uncovered during the inbreeding of a generally 
25 
26 
open-pollinated crop. There is a strong correlation 
between a plant's breeding system and the degree of both 
inbreeding depression and heterosis which it expresses 
(Grant, 1975). Inbreeding depression is the result of 
Mendelian segregation such that deleterious recessive 
genes become fixed or homozygous. When hybrids are formed, 
such deleterious alleles can be masked by their dominant 
alleles. This results in the production of a plant pheno¬ 
type which is often better than that of its parents. 
The importance of such dominant, favorable alleles 
was first applied to the concept of hybrid vigor by Keeble 
and Pellew (1910). This concept was amended by Jones 
(1917) to include the concept of linkage and its effect in 
reducing recombination between these dominant alleles. 
This theory, as later explained by Jones (1957), combines 
both the concept of dominant, favorable alleles and linkage 
and it remains one of the most important explanations of 
heterosis. 
The overdominance hypothesis was originally proposed 
independently by both Shull and East in 1908 (East, 1936; 
Shull, 1952). It was popularized by Hull (1946) to de¬ 
scribe heterosis resulting from the interaction between 
alleles at a single locus. In its simplest form of 
expression, this hypothesis states that a heterozygous 
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combination of alleles (a^^ ^2) is superior to either com¬ 
bination of the homozygous alleles (a^ a^) or (a2 a2). 
The idea here is that the sum of the gene products in the 
heterozygote is greater than that obtained from the indi¬ 
vidual homozygotes (Allard, 1960) . There are two other 
concepts included within the framework of overdominance 
which will now be discussed. 
One such concept is "pseudo-overdominance" which was 
suggested by Hull (1952) to characterize situations in 
which heterozygosity occurs for several linked loci. Hence, 
pseudo-overdominance usually refers to blocks of loci or to 
chromosome segments while overdominance refers to just one 
locus. In most cases, it is not possible to distinguish 
between the two due to the complexities of the genetic 
architecture. 
A second concept within the framework of overdominance 
is "single-gene" heterosis. This occurs when the hetero- 
zygotic condition for a particular genetic locus excells 
either homozygotic condition. Some type of synergistic 
reaction between the two alleles is considered responsible 
for such a heterotic reaction. Examples of such systems 
are reviewed by Grant (1975). 
Enzymatic studies in maize have demonstrated such a 
synergistic reaction for alcohol dehydrogenase (ADH). 
Schwartz (1973) has shown that the heterodimeric enzyme. 
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F 
which occurs when the two heterozygous alleles Adh and 
CM 
Adh are present, is superior to the homodimeric enzymes 
produced by either homozygotic allele. While the enzyme 
F 
from the Adh allele is active but somewhat labile, and the 
CM 
Adh allelic product is inactive and stable, the hybrid 
enzyme is both active and stable. Thus, among the three 
isozymes produced by the heterozygote, the heterodimer 
excells either of the two homodimers. 
The third hypothesis, that of epistasis, has come to 
refer to hybrid vigor which results from any type of non¬ 
allelic or complementary interaction (Mangelsdorf, 1974). 
Mather (1955) has proposed that such interactions play a 
primary role in heterosis. Here, the emphasis rests on 
synergistic effects which occur between the multitude of 
different genes within a hybrid genome. It is also not 
necessary to assume complete dominance in this case 
(Grant, 1975) . 
In summary, it should be stated that none of these 
theories appear to be mutually exclusive. Instead, their 
relevance will vary with each plant system being studied. 
As mentioned by Grant (1975), it is unlikely that any one 
of these mechanisms is completely responsible for the vast 
array of effects attributed to heterosis. The point has 
been made by several authors (Allard, 1960; Grant, 1975) 
that there appears to be no reason why heterotic traits. 
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attributed to both dominance and overdominance, cannot 
occur within a single system, nor any reason why both 
systems could not be operating simultaneously. 
Recent topics of discussion. There has been a long-term 
interest in establishing a link between plant molecular 
mechanisms and heterosis (Hageman et al., 1967; Sinha 
and Khanna, 1975). One development which showed initial 
promise in this respect involved mitochondrial heterosis 
and mitochondrial complementation (Sarkissian and 
Srivastava, 1967). Interest centered on a mitochondrial 
system because of the alleged potential for such comple¬ 
mentation to serve as an indicator for combining ability 
and as an aid in hybrid evaluation and prediction (Sen, 
1981). However, there are numerous problems with the 
original research. In an attempt to clarify this situation. 
Sen (1981) found that no significant mitochondrial heterosis 
or complementation existed in assay systems using mito¬ 
chondria from either wheat, maize, or barley. 
Another aspect concerning the study of heterosis is 
that of hybrid dysgenesis. This term was initiated by 
Kidwell, (Kidwell et al., 1977), to describe a number of 
dysgenic symptoms which have been found to accompany 
hybrids in Drosophila melanogaster. These dysgenic traits 
include mutation, chromosomal aberrations, sterility and 
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distorted segregations (Sved, 1979). Dysgenic traits are 
considered to be within the category of hybrid dysgenesis 
if they occur in the and subsequent F2 generations but 
not in either of the two parental lines. 
These studies have recently become of interest to 
maize geneticists. A recent study has demonstrated the 
probable imvolvement of a transposable element in a dys¬ 
genic system in Drosophila (Bregliano et al., 1980) . Sim¬ 
ilar studies are feasible within maize because of the 
transposable systems known to occur within its genomes 
(Peterson, 1978). Another point of comparison concerns 
the choice of parental lines. The Drosophila dysgenic 
experiments have documented hybrid dysgenesis when a long¬ 
term laboratory strain is crossed with a strain recently 
developed from a wild population. In maize, this perhaps 
would be analogous to crosses of long-term inbreds with 
lines containing some degree of exotic germplasm. 
Current advances in molecular genetics have provided 
both new tools and new applications, such as electrophor¬ 
esis and restriction endonuclease mapping, to the resolu¬ 
tion of genome differences. As previously stated, the 
expression of heterosis is intimately connected with a 
heterozygous genome. Therefore, techniques which allow for 
greater resolution of this heterozygosity and of genome 
differences in general are potentially very valuable to 
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plant breeders. This ability, to manipulate and utilize 
various levels of heterozygosity, has recently been re¬ 
ported as an important prerogative for laboratory research 
pertinent to plant breeders (Kleese and Duvick, 1980). 
Earlier work on the association between differing 
levels of heterozygosity and heterosis was performed with 
barley (Zali and Allard, 1976). Their study could show no 
clear correlation between the degree of heterotic expres¬ 
sion, as measured for a number of traits, and an increasing 
level of heterozygosity. However, for each trait measured 
the values were greater for the heterozygotes than for 
their isogenic homozygous controls. This directly relates 
to the debates concerning the exact nature of postulated 
heterozygous advantages. 
Electrophoresis presents a way to quantify enzyme 
polymorphisms among heterozygous populations. Such studies 
have led authors to attempt to establish correlations be¬ 
tween advantages which heterozygotes rather than homozy¬ 
gotes may have in an outbreeding diploid (Fincham, 1972). 
Related to this are attempts to examine overdominance of 
fitness as a factor in maintaining genetic variability 
within populations (Zouros, 1976) . 
Previous studies have demonstrated an association 
between heteromorphic knob effects and increased yield 
(Moll et al., 1972), and between genetic divergence and 
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heterosis in maize (Moll et al.^ 1965). New biochemical 
techniques may provide details to supplement these earlier 
studies which emphasized the importance of genetic distance 
and heterozygosity in outbreeding crops such as maize. 
Techniques for Genome Modification 
This section is concerned with techniques capable of 
modifying a plant's existing genome by the transference of 
genetic information from a particular source of alien germ- 
plasm. The first approach to be discussed is that in¬ 
volving wide crosses. This is followed by techniques to 
produce alien addition and substitution lines, by examples 
of experimental introgression, and finally, genetic engi¬ 
neering. These systems have been selected because of 
their proven value, past or present, or because of their 
future potential for manipulating alien gene pools. 
Wide crosses. Wide crossing refers to the production of 
hybrids resulting from either inter-specific or inter¬ 
generic crossing. Crosses such as these are often pre¬ 
liminary stages which are followed by more specialized 
genetic manipulations. The first stages of such a system 
are illustrated by James (1979). As would be expected, 
a number of special problems accompany the production 
of hybrids from wide crosses. Among the range of such 
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problems, chromosome pairing, chromosome elimination and 
hybrid sterility are studied most intensively. 
Chromosome elimination from hybrids of wide crosses 
has been of great interest (Davies, 1974) and described for 
a number of hybrid systems. One potential use of such 
elimination occurs when the entire chromosomal complement 
from one species is eliminated from the hybrid leaving a 
functional haploid plant.’ Haploid wheat plants (3x=21) 
were produced in high frequencies when wheat (Triticum 
aestivum) was crossed with barley (Hordeum bulbosum) as 
described by Barclay (1975). 
Another aspect of studies of chromosome elimination 
involves the production of aneuploids. Such elimination 
occurs after the production of an amphidiploid plant, 
usually by treatment with colchicine, containing two com¬ 
plete genomes of each of the two species being studied. 
Elimination of chromosomes, usually those of the wild 
species, occurs after the second backcross of the amphi¬ 
diploid to the agronomic plant being used. Studies in 
maize using generated aneuploid lines in which Tripsacum 
serves as the alien genetic material have been synthesized 
by Galinat (1973a) via amphidiploids and by de Wet (1979) 
via wide crosses. 
Stable aneuploid stocks also provide an opportunity 
for the cross mapping of genomes. This has been of central 
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importance to mammalian cell biologists in providing 
syntenic linkage information (Athwal and McBride, 1980). 
However, plant research along these lines has lagged due to 
the paucity of auxotrophic cell lines and suitable markers. 
Galinat (1973a) has been instrumental in the development of 
such a system for intergenomic mapping between maize and 
Tripsacum. 
Alien addition and sxibstitution lines. Alien substitution 
lines involve the substitution of an alien chromosome seg¬ 
ment, or an entire chromosome, for its homoeologous partner 
within a particular genome. This system has been utilized 
in wheat breeding with significant success (Sears, 1974). 
They have also been used to measure the genetic effects of 
single chromosome substitutions in wheat upon the genome 
as a whole (Snape et al., 1979). 
The development and stabilization of alien addition 
lines will now be looked at in greater detail. This will 
focus on studies of Galinat (1973a, 1977) with maize and 
Flavell et al., (1980) with wheat because they exemplify 
systems in which a positive cytological and genetical 
identification is made of the alien chromosome. In ad¬ 
dition, they have estaiblished the horaoeologies of this 
alien material with their recipient genomes. Generally, 
the first step in producing an alien addition line 
involves a wide cross which often results in infertility. 
Nevertheless, the hybrids are often salvaged by special 
techniques which bypass this infertility. Next, a "bridg¬ 
ing plant-type" can be constructed (Simmonds, 1979). This 
plant, most often an amphidiploid, serves as a bridge be¬ 
tween the two species being crossed. For their breeding 
. experiments with tobacco, Wernsman generated an octoploid 
bridging plant by the use of colchicine (Wernsman et al., 
1976). This allowed him to utilize progenitor species in 
his breeding program. 
Mangelsdorf and Reeves were the first ones to produce 
viable hybrids from a cross between maize and Tripsacum 
(Mangelsdorf and Reeves, 1931) . Galinat expanded upon this 
original cross by successfully producing a colchicine- 
induced amphidiploid line composed of two complete genomes 
of "WMT" maize (white multiple tester) and two complete 
genomes of T. dactyloides (Galinat, 1962) . This bridge 
plant is female fertile and can result in viable progeny 
when backcrossed to maize. The special maize marker line 
(WMT) is used in these subsequent backcrosses to the 
amphidiploid. This marker line carries homozygous reces¬ 
sive genes for various morphological traits on nine of the 
ten chromosomes of maize. This allows for the identifica¬ 
tion of Tripsacum chromosomes in the progeny of the second 
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backcross generation by their corresponding dominant 
alleles (Galinat, 1973a). 
The second system described here is one being utilized 
to generate and identify alien addition lines in wheat. 
As described by Flavell, this system utilizes DNA probes 
based on species-specific repeated sequence DNA (Flavell 
et al., 1980). These probes are utilized to detect alien 
genetic material in its recipient genome. In this case, 
specific rye alien addition chromosomes are cytologically 
recognized among the wheat chromosomes. 
A system such as this is of importance to breeders 
working with polyploid crops and those with many chromo¬ 
somes. It also provides for another critical detection 
system to augment cytological and genetic analysis. As 
this type of analysis is refined, probes with different 
sensitivities to various alien chromosomal regions will be 
developed. This will allow for the detection of alien 
germplasm at an even greater degree of sensitivity. Pres¬ 
ently it is possible to detect the presence of any individ¬ 
ual rye chromosome arm present in a recipient background 
of wheat (Flavell et al., 1978). Of course, it is first 
necessary to do the DNA hybridization analysis so that 
determinations can be made for the amount of species- 
specific repeated sequence DNA actually present. 
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Experimental introgression. Introgression which occurs in 
natural populations involves the transfer of genes from one 
species into the gene pool of another by hybridization and 
backcrossing (Anderson and Hubricht, 19 38) . Experimental 
introgression refers to gene transfer under the selective 
guidance of breeders. The end result of such a program is 
the production of a cultivated crop now containing discrete 
segments of alien germplasm within its genome. This type 
of experimentally introgressed material is utilized in the 
present study as a maize dent inbred, A158, modified by 
different genetic segments from teosinte. 
Both experimental and natural introgression have been 
implicated in the evolution of crop plants and in expanding 
their genetic base (Smith, 1971; Schooler and Anderson, 
1979). Experimental introgression, when coupled with a 
suitable linkage analysis, can contribute to the heterosis 
of maize (Sehgal, 1963) . Crossing the stabilized lines 
containing introgressed segments of foreign germplasm to 
suitable marker stocks gives an accurate picture of the 
homoeology which exists between the alien and recipient 
chromosomes. This type of analysis was performed some 
thirty years ago on the teosinte derivatives eventually 
used in this study (Mangelsdorf, 1974; Rogers, 1950). 
Despite the utility of such an analysis, many studies 
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involving experimental introgression do so without any 
attempt being made to map the alien genes in question. Of 
course, this is not always possible. However, it has been 
shown, that the frequency of an introgressed segment within 
a backcrossing population can be enhanced when coupled with 
suitable marker genes from the recipient genome. This has 
been proven for the introgression of quantitative traits 
when bordered by different alleles, in the donor and recip¬ 
ient lines, of suitable marker genes (Soller and Plotkin- 
Hazan, 1977) . This study provides the theoretical grounds 
for initiating a cross-mapping study where exotic quanti¬ 
tative traits can be correlated with qualitative marker 
genes. Frequencies of favorable alleles in a synthetic 
population were seen to change from 0.01 to 0.20, repre¬ 
senting backcrossing without an associated marker to the 
frequency of backcrossing with a marker, respectively 
(Soller and Plotkin-Hazan, 1977). 
Experimental introgression is accomplished in most 
breeding programs via backcrossing with selection for par¬ 
ticular qualitative genetic traits. This is done often 
for the incorporation of disease resistance from an alien 
gene source into the recipient agronomic variety (Hooker, 
1977). Once introgressant portions of the alien genome 
become homozygous and stabilized in their inbred lines. 
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they can subsequently contribute to yield heterosis when 
present in the heterozygous condition of a hybrid (Sehgal, 
1963). The recent advances in the cloning of plant genes 
(Bedrook et al., 1980) may lead to more exciting systems 
of experimental introgression. 
Genetic engineering. The number of techniques which could 
now be considered within the heading of "genetic engineer¬ 
ing" has steadily increased even since the initial reports 
of non-traditional plant hybridization were presented 
(Power et al.^ 1970; Carlson et al.^ 1972). As presented 
in a current review, these techniques now range from plant 
tissue culture to recombinant DNA research (Vasil et al., 
1979). A few of these techniques, pertaining to maize 
and/or alien germplasm, will be discussed below. 
Recent progress in the tissue culture of maize has 
been demonstrated by the successful culture of cells from 
different tissues and diverse races of corn (Green, 1978) 
and by the regeneration of plants from such cultures 
(Gengenback et al., 1977; Green and Philips, 1975). De¬ 
tailed studies of maize callus have involved chromosome 
counts and isozyme suir/eys (Freeling et al., 1976). ^ 
vitro techniques have also included protoplast isolation, 
protoplast fusion and subsequent callus culture (Potrykus 
et al., 1977; Power et al., 1970). 
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The isolation, fusion and hybrid selection of plant 
protoplasts is still considered as primarily academic 
rather than applied research. Potentially, such procedures 
could permit wide hybridizations to be undertaken ^ vitro. 
This type of cell hybridization scheme could offer promise 
in the following areas: (1) being able to bypass sexual 
incompatibility barriers and (2) being able to circumvent 
sexual barriers between, species. These are two areas 
which are often problematic for classical plant breeders. 
Haploid plant culture represents a means of producing 
plants which contain only one set of chromosomes. This 
provides for immediate detection of all mutations and 
recessive genes which may ordinarily be protected by the 
normal heterozygous diploid condition. Androgenesis is 
currently being utilized as one method to produce haploid 
plants (Vasil et al., 1979). The potential also exists 
for haploid production of ancestral species and wild 
relatives as well as for corn itself. 
Electrophoresis 
Electrophoresis has developed into one of the most 
versatile methods currently utilized for the qualitative 
separation of proteins and other charged particles. 
Separation can be obtained by either charge densities. 
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molecular size alone, or by a protein's isoelectric point 
(pi). All electrophoretic systems have certain principles 
in common. They are dependent upon a charge field to elicit 
particle migration. They must have some type of porous 
medium, referred to as a gel, which will carry the electric 
charge and permit particle movement. The electric field 
is generated in a buffer solution, and it is through this 
buffer that the gel is connected to the source of electric¬ 
ity. Beyond these points of commonality, a vast array of 
electrophoretic systems exists. 
This study has utilized isoelectric focusing in a gel 
composed of polyacrylamide. In this type of electrophor¬ 
esis, proteins are separated by their unique isoelectric 
points (pi) at which the charge of each protein is neutra¬ 
lized. The resolution now obtainable by isoelectric focus¬ 
ing represents a great advance for those utilizing electro¬ 
phoresis. Separation by pi is obtained by the use of 
ampholytes which generate a stable pH gradient in the poly¬ 
acrylamide gel. The charged particles migrate between the 
cathode pole and the anode pole of the gel until reaching 
the particular point along the pH gradient at which their 
charge is neutralized. The proteins then settle out and 
become focused in a narrow band. Resolution potential now 
exists for separation where isoelectric points differ by 
42 
as little as 0.01 pH units (Righetti and Drysdale, 1976). 
Electrophoretic studies with maize, and its relatives, 
have utilized not only diverse systems but a multitude of 
tissues and isozymes as well. Examples of this work, 
divided by research categories, are presented in the sec¬ 
ond table of the appendix. In terms of agronomic applica¬ 
tions, electrophoresis is being intensely explored as a 
means to identify both inbred and hybrid lines by protein 
"fingerprinting." It is also being tested as a system to 
aid in estimations of hybrid purity and quality; thus sav¬ 
ing the time and expense of winter grow-outs. In terms of 
cytoplasmic male sterility, it is being used to identify 
particular cytoplasms and to determine the modes of 
inheritance for the genomes of cytoplasmic organelles. 
Breeding with Exotic Germplasm 
Programs utilizing exotic germplasm. Plant breeders 
interested in using exotic germplasm within their breeding 
program must begin by selecting particular varieties of 
interest. These may include diverse races, unadapted 
varieties from different geographical areas, progenitor 
species, or wild relatives. After such a selection is 
made, the exotics are hybridized with their agronomic 
counterpart. This is followed by selection for agronomic 
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lines within the hybrid progeny. The appropriate selection 
system employed will vary with the needs and goals of the 
breeder. 
Following is a list of current justifications for 
breeding with exotic germplasm: 
1) to broaden the genetic base of breeding populations 
such that new lines might be extracted from them; 
2) to improve yields both vegetative and seed, and 
other quantitative agronomic traits; 
3) to breed for resistance to pathogens; 
4) to improve the agronomic quality of current vari¬ 
eties ; 
5) to initiate the movement of crop varieties into 
environments where they were not previously grown, 
and, 
6) to aid in the development and release of new crops. 
However, these goals and justifications are counter¬ 
balanced by a number of problems often inherent to such 
material. These are: 
1) the latent variability within crop varieties is 
far from exhausted; 
2) available exotic material is often not considered 
a prime source of favorable agronomic traits; 
3) deleterious effects can surface during inbreeding 
programs as well as effects from hybrid dys¬ 
genesis; 
4) a long period of time is required before successful 
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introgression or favorable recombination can be 
seen, and, 
5) dilution of favorable characteristics can occur 
when modern corn belt maize is crossed with exotic 
lines. 
Previous research involving exotic germplasm has to a 
greater or lesser extent illustrated each of the beneficial 
and problematic traits enumerated above. Once the particu¬ 
lar breeding prerogatives are established, a suitable system 
of analysis must be developed for hybrid evaluation based 
upon statistical, agronomic and genetic analyses. 
A number of considerations pertinent to such analyses 
will now be discussed. To begin with, Sprague and Finlay 
(1976) mention the importance of identifying more favorable 
gene complexes originating from exotic material by growing 
these collections in different environments. If followed 
by appropriate pollinations, then these various desirable 
complexes could be accumulated and transferred to agronomic 
types of corn. 
There is still a great deal of concern about the vul¬ 
nerability of our current agronomic cultivars. This will 
be discussed in more detail in the next section. There 
were also statistical approaches open to breeders concerned 
with this matter. As discussed by Brown (1975), estima¬ 
tions of vulnerability can be obtained by variety x year 
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and variety x location analysis of variance interactions. 
Genetic analysis should help in the detection of co- 
adaptive gene combinations of value to the breeder. This 
analysis should include a careful examination of background 
genome effects and gene expressivity as mentioned earlier. 
Of particular value here are electrophoretic techniques 
which can detect variability and follow molecular markers. 
For example, a recent paper by Stuber (Stuber et al., 1980) 
details the change in allozyme frequencies which occurred 
in hybrids under selection for increased yield. 
A concurrent program based upon linkage analysis of 
incorporated alien germplasm can prove valuable. This 
means that new attempts should be made to qualify the 
amount of alien germplasm being utilized. The advantages 
of this type of research are demonstrated by the results of 
the current study. Breeding programs which are able to in¬ 
corporate such analysis into an improvement program offer 
more exacting techniques than used elsewhere. Examples of 
such systems are found in maize (Galinat, 1973a), tomato 
(Rick, 1978; Rick and Kush, 1976), wheat (Feldman and 
Sears, 1981) and barley (Schooler and Anderson, 1979). 
Genetic vulnerability. Within the past decade, much has 
been written concerning the genetic vulnerability of our 
current crop plants (Nat. Ac. of Sci., 1972). There are 
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two distinct points of discussion which need to be 
considered within this subject matter. The first necessi¬ 
tates the identification of the factors involved in limit¬ 
ing genetic variability. The second point here is to 
understand how these factors relate to an increasing risk 
of genetic vulnerability. 
Part of the debate surrounding these issues stems from 
the fact that there still exists considerable variation in 
crops such as maize and sorghum despite their narrow genetic 
base. This is demonstrated by the continued ability to 
successfully select for a higher oil and protein content 
in maize lines even after 48 generations of selection 
(Dudley et al., 1974). Thus, there seems to be considerable 
latent variability in commercial lines as well as an exten¬ 
sive cunount of variability under storage in the germplasm 
banks now available for most major agronomic crops (Brown, 
1975). 
As pointed out by Galinat (1974), modern corn hybrids 
are based upon a minute fraction of the total gene pool 
which originally formulated the corn belt dents. Concurrent 
with this continued utilization of elite germplasm is the 
fact that there has been a decrease in the number of inbred 
lines utilized in hybrid production (!Jat. Ac. of Sci., 
1972) . A recent study of Senadhira (1976) has considered 
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this problem via the study of isozymes at 20 different loci. 
His analysis of 72 U. S. inbreds showed that they contained 
96% of the alleles found in the survey of diverse open- 
pollinated varieties. He further demonstrated current 
inbred lines to have an average genetic identity value 
ranging from 0.200 to 0.900 which is quite broad and in¬ 
dicates an attempt to maximize heterozygosity by using 
inbreds of diverse origins. 
However, in terms of genetic variability, commercial 
hybrids showed the greatest loss (Senadhira, 1976) . Out of 
a maximum number of 58 alleles, summed over the 20 loci, 
annual teosintes showed the most diverse range while com¬ 
mercial hybrids showed the least, having only 30 alleles 
present. This is a 29.0% drop from both synthetic popula¬ 
tions of corn and from the teosinte populations surveyed. 
This finding adds new substance to the claim by 
Frankel (1974) and others that the genetic base of the ad¬ 
vanced varieties of modern agriculture is greatly narrowed 
by comparison to the original primitive varieties from 
which they were descended. A major reason for this decline 
over the years is the increased demand upon farmers for 
crop uniformity. These demands for uniformity now exist at 
virtually every level in the food and marketing chain. 
However, there are both risks and benefits associated 
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with such crop uniformity (Hooker, 1977). In fact, the 
demand for uniformity on the one hand and the need for 
genetic diversity on the other have created a dilemma for 
plant breeders. One outcome of this has been the rapid 
spread of monocultural production practices across the U. S. 
This involves a drastic reduction in the number of varieties 
actually used by the farmer (Hammons, 1976). This trend 
towards the utilization of fewer varieties can be seen in 
corn (Brown, 1975), peanuts (Hammons, 1976), sorghum 
(Webster, 1976), tobacco (Wernsman et al., 1976), and 
soybeans (Harlan, 1972) . 
As emphasized by Brown (1975) , it seems quite unlikely 
that all of the major, desirable genes should be clustered 
in the elite lines which currently represent the gene pool 
of maize. Despite this fact, plant breeders have most 
often limited their search for new genes by continually 
reselecting within a very narrow gene pool (Sprague and 
Finlay, 1976). It is increasingly important to develop 
more advanced techniques and screening procedures which can 
utilize not only exotic races, but progenitor and wild 
relative germplasm as well. This provides an opportunity 
for the enrichment of uniform inbreds or hybrids with 
specific traits not otherwise available as well as with 
increased heterozygosity and heterosis (Galinat, 1977; 
Stalker, 1980; Wernsman et al., 1976). 
CHAPTER III 
STATEMENT OF THESIS PROBLEM 
The current research was designed to assess the range 
of effects which particular sources of alien germplasm 
would have on maize hybrids. In this study, the sources of 
this alien material come from three different races of teo- 
sinte and from Tripsacum. At this point the derivation of 
these alien stocks will be described. 
The teosinte germplasm is utilized here in the form 
of substitution lines. The different teosintes involved 
include race Guatemala (Zea luxurians, Doebley and litis), 
race Durango (now considered extinct) and race Nobogame 
(Zea mays spp. mexicana, Doebley and litis). These three 
races were first crossed to a maize inbred, then back- 
crossed to maize and finally selfed (Mangelsdorf, 1974). 
An extensive linkage analysis was then undertaken to deter¬ 
mine the homologies in maize ascribed to these introgressed 
segments of teosinte. The details of the production of 
these lines are given by Sehgal (1963). 
The stocks utilized here are thus denoted both by the 
particular race of teosinte involved as well as by the 
number of the maize chromosomes to which these introgressed 
segments have been mapped. There are seven substitution 
lines plus the inbred control, A158, which contains no 
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teosinte. A complete listing of these lines by their 
pedigrees is given in Table 3. 
The Tripsacnm germplasm is present in an alien addition 
line developed by Dr. Walton C. Galinat. This line orig¬ 
inated from a cross between a tetraploid line of maize 
carrying the markers sugary-1 golden and a tetraploid vari¬ 
ety of Tripsacum dactyloides from Florida. The amphidi- 
ploid which resulted from*this cross was eventually able to 
be backcrossed to a diploid maize line carrying the sugary 
and glossy markers. The resultant allotriploid was then 
backcrossed to maize with the au gl-3 markers. This back- 
cross produced a maize line showing the starchy phenotype, 
a result of the presence of an extra Tripsacum chromosome. 
This was subsequently identified as Tripsacum chromosome 
number seven by careful comparisons with the idiogram of 
T. dactyloides as prepared by Chandravadana et al., (1971). 
The extra Tripsacum chromosome, originally isolated in a 
monosomic state, was stabilized in its disomic condition by 
selfing the progeny of the 20+1 line. The Havels line 
which now contains the extra chromosome, the same one used 
in this study, was hybridized with the original line des¬ 
cribed above in order to transfer the Tr 7 chromosome to 
a dent background. 
These lines presented a unique opportunity to study the 
interrelationships between maize and two of its related 
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TABLE 3 
PEDIGREE LISTING OF INBRED AND HYBRID LINES 
PARENTAL MATERIAL 
I. TEOSINTE SUBSTITUTION LINES 
LINE RECIPIENT GENOME . SOURCE OF TEOSINTE INTROGRESSED 
NO. OF MAIZE GERMPLASM SEGMENT # 
1 Dent line A158 Race: Florida 3 
2 Dent line A15 8 Race: Florida 4 
3 Dent line A15 8 Race: Florida 9 
4 Dent line A158 Race: Florida 4 & 9 
5 Dent line A15 8 Race: Florida 3,4,9 
6 Dent line A158 Race: Nobogame 4 
7 Dent line A15 8 Race: Durango 1,7,9 
8 Dent line A158 None None 
II. TESTER LINES 
GROUP 
NO. 
RECIPIENT GENOME 
OF MAIZE 
SOURCE OF TRIPSACUM 
GERMPLASM 
CHROMOSOME 
NUMBER 
I Dent line A158 None present 
— 
II Dent line Havels None present 
— 
III Dent line Havels T. dactyloides Tr 7(2) 
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TABLE 3—Continued 
HYBRID MATERIAL 
I. CLASSIFIED BY GROUPS 
GROUP # _PEDIGREE OF CROSSES_ 
I (A158) X Each of.the teosinte substitution lines 
II (Havels) X Each of the teosinte substitution lines 
III (Havels:Tr 7) X Each of the teosinte substitution 
lines 
II. CLASSIFIED BY TEOSINTE SUBSTITUTION LINES 
LINE # _PEDIGREE OF CROSSES_ 
1 (Al58-Fla.3) X A158, Havels, Havels-Tr 7(2) 
2 (Al58-Fla.4) X A158, Havels, Havels-Tr 7(2) 
3 (Al58-Fla.9) X A158, Havels, Havels-Tr 7(2) 
4 (Al58-Fla.4,9) X A158, Havels, Havels-Tr 7(2) 
5 (Al58-Fla.3,4,9) X Al58, Havels, Havels-Tr 7(2) 
6 (Al58-Nobo.4) X A158, Havels, Havels-Tr 7(2) 
7 (Al58-Dur.l,7,9) X A158, Havels, Havels-Tr 7(2) 
8 (A158) X Havels, Havels-Tr 7(2) 
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species in various hybrid combinations. A performance 
trial was developed based upon the three groups of hybrids. 
Group I consisted of the teosinte substitution hybrids. 
Group III consisted of these substitution lines and the 
Tripsacum chromosome lines; while Group II served as a 
control. A range of biochemical, cytological and pheno¬ 
typical parameters was devised for a thorough evaluation 
of these hybrid combinations. 
CHAPTER IV 
FIELD PERFORMANCE OF THE HYBRIDS 
Statistical and Field Design 
The field design was based upon a randomized complete 
block (group) model with repeated observations. The indi¬ 
vidual hybrid lines were treated as fixed effects, as 
opposed to random ones, because specific inferences were 
drawn from them and because their pedigrees varied from 
group to group. Each replication contained three groups 
making a total of 24 different hybrids. This experimental 
design, with appropriate sources of degrees of freedom, is 
shown in Table 4. 
The design was implemented through an M X N mating 
pattern, as opposed to a complete diallel, with the two 
sets of parents comprised of three testers and the eight 
A158 substitution lines. This mating pattern is presented 
in Table 4 along with the overall mean yields for each of 
the 24 possible single-cross hybrid combinations. These 
means and other statistical values will be examined in 
greater detail in the next chapter. 
Description of the Hybrid Lines 
As stated above, each replication was composed of three 
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groups of hybrids. These groups represented the different 
levels of possible genome interactions which could be ex¬ 
hibited by the hybrids. The first group of hybrids was 
formed by crossing the seven distinct teosinte substitution 
lines by their control line, A158, which contains no teo¬ 
sinte germplasm. As described in the previous chapter, 
these seven inbreds are teosinte derivations of inbred A158 
in which a certain segment'(s) of teosinte germplasm has 
been substituted for its homologous counterpart in a par¬ 
ticular maize chromosome. These seven stocks are, there¬ 
fore, isogenic, differing only by the portion of teosinte 
germplasm which was transferred by experimental introgres- 
sion. Thus, Group I represented only the effects of genome 
interactions between these heterozygous introgressed 
teosinte segments and their maize counterparts. 
Group II contained the same seven teosinte substitu¬ 
tion lines in a background of A158. However, here they were 
crossed to a different dent inbred (MAlOl) derived from 
Havels dent corn. This group represented a second level of 
genome interaction. For here the teosinte segments were 
heterozygous with genes from a maize inbred other than that 
in which they were held. This group actually served two 
purposes in the yield trial. First, it represented a level 
of genetic divergence greater than that found in Group I. 
Second, it served as a control for Group III. This was 
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possible because the Havels line in the third group 
differed from that of the second group only in that it 
carried an intact chromosome from Tripsacum. 
The hybrids found in Group III were formed by cros¬ 
sing the same seven A158 teosinte substitution lines with 
the Havels inbred containing Tripsacum germplasm, desig¬ 
nated as Havels-Tr 7(2). This line contains germplasm from 
Tripsacum held as a pair Of alien addition chromosomes. The 
Tripsacum chromosome is fixed in a disomic condition but be¬ 
comes monosomic after being crossed to the seven different 
substitution lines and to A158 itself which acts as a con¬ 
trol. Thus, the hybrids in Group III contain germplasm from 
teosinte, maize, and Tripsacum; making this group the one 
with the highest level of genetic divergence. 
In summary, then, a progression of increasing genetic 
divergence is represented by the three groups. The first 
group tests segments of teosinte in heterozygous combina¬ 
tions with their maize counterparts. The second group tests 
these same teosinte segments with a different maize inbred. 
The final group tests the interactions between teosinte, 
Tripsacum and maize germplasm. 
Planting Technique for Yield Trials 
Each inbred line was maintained from year to year by 
continued selfing. The seed was produced one season 
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prior to that in which it would be planted in the yield 
trial. Each group consisted of a total of 16 ten-plant 
rows. 
The seed was planted the last week of May in the 
year of 1979 and 1980 with the exact date recorded so that 
the number of days until anthesis could be determined. Each 
row contained ten hills with two or three kernels planted 
per hill. These would eventually be randomly thinned to one 
plant per hill. Each row contained ten plants with rows 
spaced three feet apart and ten feet in length. Damage to 
the seedlings was corrected by replanting or by the use of 
transplants. No significant differences were detected in 
rows where this had to occur. 
The 16 lines which comprised a single group were 
randomized in each of the three replications. The three 
groups were randomized in relation to one another and each 
replication of the yield trial was randomized in terms of 
its location in the corn field. 
Field Measurements 
The field performance of each hybrid grown in the 
yield trials was assessed by data collected for 13 differ¬ 
ent variables. The 13 traits measured included yield, ear 
number, plant height, tiller number, days to anthesis and 
selected ear characteristics. The analysis of variance 
table for these phenotypic plant traits and their 
appropriate F values are presented in Table 5. Single or 
double astericks, as shown in Table 5, refer to the 0.05 
and 0.01 levels of significance, respectively. These 
variables will now be explained individually. 
Yield data. 
Metric weight. The yield of each hybrid was deter¬ 
mined in the following manner. Ears were har’/ested from 
both rows constituting each hybrid. They were sorted into 
two groups depending on whether they were primary, (i.e., 
the uppermost ear), or prolific ears. These two groups 
were then weighed separately. A total field weight in 
kilograms was obtained by adding these two components to¬ 
gether. These values were later corrected to a standard 
moisture content of 15%. As shown in Table 5, the replica¬ 
tions did not differ significantly from one another in 
terms of total yield, primary yield or prolific yield. 
However, at both the group and line level, highly 
significant differences were detected. 
Percent moisture. Moisture determinations were made 
as follows. Two ears from each row were dried in a stan¬ 
dard corn drier for 24 hours. Weights of these ears were 
taken before and after drying. Once dried, the moisture 
content of the ears could be determined from shelled grain 
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in a Dickey-John farm grain moisture tester, 1978 model. 
These percentage values, plus the percent moisture lost in 
drying, gave the total field moisture. Due to local grow¬ 
ing conditions, the ears were harvested somewhat pre¬ 
maturely, often showing moisture values over 40%. The 
moisture tester did not prove accurate in this range and 
thus was utilized in combination with the drier. 
Once the moisture correction factor was determined, 
its appropriate gram conversion was subtracted from the 
field weight. This final value represented the adjusted 
weight of each hybrid based upon the yield from twenty 
plants. 
The precent-moisture figures were also recorded as one 
of the dependent variables. This is commonly used by seed 
companies as a means to judge hybrid maturity. However, no 
significant differences were observed in this category 
suggesting that the Tripsacum germplasm did not delay ear 
maturation. 
Ear number. Ears were sorted during the harvest by 
their location on the plant. The single, uppermost ears 
were considered to be primary ones while the lower, multi¬ 
ple ears were counted as prolific ears. Both their weights 
and numbers were thus kept separate. Prolific yield was 
seen to vary significantly among the lines for both weight 
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and number as shown in Table 5. 
Days to anthesis. The number of days from planting until 
anthesis was recorded for each hybrid. These values were 
kept in order to detect potential differences in flowering 
dates. Even though the values in Table 5 show signifi¬ 
cance, the differences never amounted to more than two 
days between groups. Thus, the alien germplasm did not 
seem to substantially delay flowering. 
Number of tillers. The number of tillers per hybrid was 
expected to be variable dependent upon the particular alien 
derivative being studied. Thus, the tillers were counted 
on a per row basis and an average per plant figure could 
then be computed. Indeed, the number of tillers did vary 
significantly for either groups or for lines within the 
groups. There also appeared to be a significant replication 
X group interaction here as shown in Table 5. 
Plant height. The heights of six plants, chosen at random, 
per row were measured in centimeters. These were measured 
from the soil surface to the top of the tassel. An average 
height per hybrid could then be determined. Significant 
differences were seen here in replications, groups and lines 
within groups as shown in Table 5. 
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Ear measurements. 
Ear length. The lengths were recorded in centimeters 
for ten ears per row and an average length then was deter¬ 
mined. These ten ears were chosen at random from the 
primary group. As seen in Table 5, significant differences 
were demonstrated in lengths at both the group and line 
within group levels. 
Ear width. Measurements were taken, again based on 
ten ears, to obtain the diameter of the ears in centimeters. 
All widths were measured at the base of the ears. Signifi¬ 
cant differences were seen between some of the hybrid lines 
but not on a group level. 
Kernel row number. The number of kernel rows varied 
from 10 to 18. The number of kernels per row varied from 
32 to 50. Both of these traits reflected significant 
differences at the group and line levels. 
CHAPTER V 
CYTOLOGICAL AND BIOCHEMICAL PERFORMANCE 
Cytological Survey 
Materials and methods. Collections of immature tassels 
were made at random from the hybrid lines planted in the 
performance trials. The collections were taken only from 
the hybrids which comprised Group III because the cyto¬ 
logical examination was used solely to confirm the presence 
of the extra Tripsacum chromosome. Collections were made 
from each of the three replications of the performance 
trials and from each of the eight hybrid lines within 
Group III. 
The immature tassels were placed in a fixative solu¬ 
tion, based on a 4:1 ratio of absolute ethyl alcohol with 
acetic acid, for 24 hours. The specimens were then placed 
in 70% alcohol and stored in a freezer until they were 
examined. 
The standard method of the acetocarmine squash was 
used here for all cytological observations. Meiotic obser¬ 
vations were made at pachytene, diakinesis, metaphase I, 
and anaphase I as has been described previously (Chandra- 
vadana et al., 1971; Rao and Galinat, 1974). Observations 
made at diakinesis indicated the presence of the extra 
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chromosome as a univalent which was further confirmed at 
pachytene, metaphase I and anaphase I. 
It is necessary to discuss the transmission rate of 
the Tripsacum chromosome before presenting the results of 
the cytological examination of the hybrids from Group III. 
When the Havels-Tr 7(2) inbred is crossed to the A158 teo- 
sinte derivatives, which contain no Tripsacum, the resultant 
zygotes all carry the Tripsacum chromosome as a uni¬ 
valent. However, the microsporocytes examined here are the 
products of the hybrids and the transmission rate for 
the Tripsacum chromosome is now much lower, usually around 
15 to 20% as originally explained by Rao and Galinat (1974). 
Results. The presence of the extra Tripsacum chromosome, 
either as a univalent or as a bivalent, was confimed for 
all of the F^ hybrid lines from Group III. These results 
are shown in Table 6. The cytological obseir/ations of the 
extra Triosacim chromosome were all verified by Dr. Chandra 
V. Pasupuleti. Photomicrographs of various stages of 
meiosis were taken to show the presence of the Tripsacum 
chromosome in relation to the normal chromosome complement 
of maize. These are shown in Plates 2 and 3. 
Electrophoretic Suir/ey 
Isoelectric focusing in polyacrylamide gels was the 
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TABLE 6 
CYTOLOGICAL EXAMINATION 
TASSEL SAMPLES EXAMINED 
# OF SAMPLES 
WITH CONFIRMED 
GROUP III # OF SAMPLES TRIPSACUM 
PEDIGREE YEAR ROW # EXAMINED CHROMOSOME 
(Al58-F.3)x 1979 1055 8 3 
(Havels-Tr7[2]) 1980 1003 9 2 
1078 1 — 
(Al58-F.4)x 1979 1058 6 2 
(Havels-Tr7[2]) 1980 1068 6 1 
(Al58-F.9)x 1979 1052 7 2 
(Havels-Tr7[2]) 1979 1014 5 3 
1980 1077 4 1 
(A158-F.4,9)x 1979 1056 9 6 
(Havels-Tr7[2]) 1980 1073 5 1 
(A158-F.3,4,9)x 1979 1054 6 2 
(Havels-Tr7[2]) 1980 1069 5 1 
(Al58-Nobo.4)X 1979 1057 8 5 
(Havels-Tr7[2]) 1980 1076 7 1 
(A158-Dur.1,7,9)x 1979 1059 8 3 
(Havels-Tr7[2]) 1980 1001 5 1 
(Al58)x 1979 1060 8 2 
(Havels-Tr7[2]) 1980 1016 6 2 
67 
Plate 2. Tripsacum chromosome at pachytene. (A) The 
alien Tripsacum chromosome (Tr 7) as it appears as a 
univalent (arrow) with the other bivalents of corn. (B) 
Enlargement of the Tripsacum univalent (arrow) shown to 
left of the maize nucleolus. 
PLATE 2 
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Plate 3. Tripsacum chromosome at diakinesis. 
Photograph showing the alien Tripsacum chromosome (Tr 7) 
as it appears in the maize nucleus (arrow) at diakinesis. 
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technique finally settled upon here for the electrophoretic 
analysis of storage proteins. Once ground into flour, 
the kernels from both hybrids and inbreds were found to 
provide a ready source of charged particles, primarily 
storage proteins, suitable for electrophoresis. Intact 
kernels were chosen as the type of plant tissue to be ana¬ 
lyzed in an attempt to answer the following questions: 
1) Are kernels a suitable source of plant material 
for a rapid assay system which could further 
characterize the genetic material used in this 
research? 
2) Are the protein profiles of the lines containing 
Tripsacum germplasm more variable than those 
without it? 
3) Is it possible to establish any correlations be¬ 
tween these kernel protein profiles and the field 
performance of the hybrids? 
Materials and methods. Three different types of electro¬ 
phoresis were tested and evaluated for this study. These 
were starch gel electrophoresis, standard polyacrylamide 
gel electrophoresis, and finally, isoelectric focusing. Of 
these three, the isoelectric focusing gels gave the best 
separation and the maximum amount of clarity. Therefore, 
only the results obtained from the isoelectric gels are 
presented here. 
The acrylamide gels were made according to Ruchel 
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(1977) with modifications necessitated by equipment avail¬ 
able at Waltham and by suggestions from Dr. David L. 
Mulcahy (per. com.). The dimensions of the gels, used here 
as horizontal thin layer slabs, were 6 cm in length, 5 cm 
in width and 1 mm thick. The reagents used in making these 
gels, along with their appropriate proportions and distrib¬ 
utors, are listed in Table 7. The porosity of the gels 
was 6%, based upon a T value of 50% and a C value of 5% 
tsee Table 7). The concentration of the carrier ampholytes 
together was finalized at 3% which provided a stable pH 
gradient. 
The gels were polymerized in the following manner. 
First, the acrylamide solution (containing both the monomer 
and the cross-linker), TEMED, sucrose solution and water 
were all degassed on a vacuum line for 10-15 minutes. The 
remaining reagents were then added, gently stirred, then 
pipetted between two glass plates where the polymerization 
occurred. This took approximately 20 minutes. The gels 
were stored in chambers containing water for 24 hours and 
used the following day. 
Running conditions. The water soluble proteins (albumins) 
were extracted from the intact kernels according to Smith 
(1977). The sample kernels were ground in a Corona flour 
mill. Then, 9 g of flour were soaked in 12 ml of distilled 
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H2O for 24 hours at 5°C. This was then centrifuged at 
6000 g for 30 minutes inside a refrigerator at 5®C. A 
5 lambda aliquot of each sample being tested was applied to 
the gel via a 2 by 4 mm piece of filter paper. Originally, 
bromophenol blue was used as a tracking dye which was added 
in the form of a dye-sucrose-water mixture to the sample. 
The ratio was five parts sample to one part dye. The bromo¬ 
phenol was replaced with cytochrome C because it presented 
a more accurate correspondence to the actual time needed to 
complete the run. Eventually, only the protein test mixture 
was used, marked by cytochrome C at the basic end (pi 10.65) 
and ferritin at the acidic end (pi 4.4) of the gel. Samples 
were placed 1 cm in from the basic edge of the gel. It was 
possible to run up to nine samples per gel, including the 
composite protein test sample purchased from Accurate 
Chemical Co. 
The gel was placed on the cooling platen ordered for 
the Shandon Southern Electrophoretic Apparatus, Model U77 
Kohn tank, SAE-3555. Filter paper wicks were used to make 
contact between the buffer solution and the gel. The buffer 
solution for the cathode pole was 1.0 molar NaOH and the one 
for the anode pole was 1.0 molar H2SO^. The gels were run 
for 50 minutes at an approximate constant power range of 
2.0 to 2.5 watts. The power had to be manually regulated 
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because the power supply available at Waltham was an 
unregulated one. Once the correct power was achieved and 
the gel size fashioned in accordance with the cooling 
capacity of the platen, the runs became very reproducible. 
After the 50 minutes of running were up, the marker 
proteins were all seen at their appropriate pi positions. 
The gels were then stained in a solution modified from 
Arbuthnott and Beeley (1975) . It was prepared as follows: 
INGREDIENT AMOUNT 
Trichloroacetic acid 100 grams 
Sulfosalicylic acid 30 grams 
Methanol 250 ml 
Coomassie Blue G-250 0.500 grams 
Serva Blue W 0.500 grams 
Cupric Sulfate 1.000 gram 
H20 
Brought to volume 
of 1000 mis 
This solution produced adequate staining of proteins without 
the previously needed treatment in trichloroacetic acid. 
The two dyes together gave a total concentration of 0.1 per¬ 
cent. It has the important advantages of most new direct 
staining methods as mentioned by Righetti and Drysdale 
(1976). The gels were destained in a solution of 33% 
methanol, 66% H2O and 10% glacial acetic acid. 
Results. Electrophoresis was performed on gels that could 
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hold up to nine samples at a time. Kernel storage proteins 
were run, one group at a time, for each of the three groups 
and for the tester inbreds. After appropriate staining, 
the gels were photographed and the location of the individ¬ 
ual bands along the pH gradient were recorded. Table 8 
summarizes the figures and plates which present this 
information. 
TABLE 8 
INDEX OF ELECTROPHORETIC RESULTS 
FIGURE OR 
PLATE # HYBRID LINES WHICH WERE EXAMINED 
Diagram of kernel protein profiles 
for three inbred tester lines 
Diagram of kernel protein profiles 
for Group I hybrids 
Diagram for Group II hybrids 
Diagram for Group III hybrids 
Photograph of tester line gel 
Photograph of Group I gel 
Photograph of Group II gel 
Fig. 1 
Fig. 2 
Fig. 3 
Fig. 4 
Plate 4 
Plate 5 
Plate 6 
As shown in Figures 1 and 4, enhanced protein vari¬ 
ability is seen in the lines containing the Tripsacum 
chromosome. In Figure 1, which compares the three inbred 
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Fig. 1. Diagram of protein profile 
for the three inbred tester lines. 
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Fig. 2. Diagram of protein profile for the hybrids 
of Group I. The eight numbers correspond to the pedigrees 
of the hybrids as described in Table 3. 
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Fig. 3. Diagram of protein profile for the hybrids 
of Group II. The eight numbers correspond to the pedi- 
g]^00S of the hybrids as described in Table 3. 
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Fig. 4. Diagram of protein profile for the hybrids 
of Group III. The eight numbers correspond to the 
pedigrees of the hybrids as described in Table 3. 
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tester lines, it can be seen that the Havels-Tr 7(2) line 
differs from the protein profiles obtained from either of 
the other two inbreds. It is very difficult to separate the 
A158 inbred from the Havels inbred as seen in Plate 1. 
The protein profiles for the hybrids from Group III 
exhibit more variability than either of the other two 
groups of hybrids. In fact, the introgressed teosinte seg¬ 
ments were not individually discernable in either Group I 
or in Group II. There are minor differences between some 
of the lines, as can be seen from their respective protein 
diagrams as presented in Figures 2 and 3. However, the most 
notable differences occur in Group III where the teosinte 
germplasm is able to interact with the Tripsacum germplasm. 
These findings are in accord with those of Senadhira (1976) 
and Smith (1977); both of whom found only minor differences 
between maize and teosinte proteins but larger differences 
between maize and Tripsacum. 
The variability of expression seen for the proteins 
in the Group III hybrids corresponds with the variability 
found in traits such as yield, ear number and ear size as 
determined from the performance trials. This will be 
discussed in more detail in the summary. 
The protein profiles, as taken from the storage 
proteins from the kernels did not appear to express as much 
variability as would be necessary for a rapid system of 
electrophoretic fingerprinting. Results claimed by 
Stegemann (1977) seem to be more conclusive. 
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TEST 12 3 4 5 6 7 
A158 HAVELS- HAVELS (20:0) 
- (Tr 7) 
Plate 4. Photograph of isoelectric focusing gel 
of the three tester lines and the protein testing 
solution. Bands 1 and 2 are A158, bands 3 and 4 are 
the Havels-Tr 7, and bands 5, 6, and 7 are Havels 
(20:0) . 
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12 3456 78 TEST 
Plate 5. Photograph of isoelectric focusing gel 
showing the hybrid profiles of Group I. (The numbers 
correspond to the lines as described in Table 3.) 
i 
I 
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Plate 6. Photograph of isoelectric focusing gel 
showing the hybrid profiles of Group II. (The numbers 
correspond to the lines as described in Table 3.) 
CHAPTER VI 
RESULTS AND ANALYSES 
Statistical Analysis 
Individual group traits. 
Group I plant traits. This section will discuss par¬ 
ticular plant and ear traits as measured during the rep¬ 
licated performance trials. In Table 9, data for seven 
plant traits are listed for each of the eight hybrid 
lines. These figures come from data collected as de¬ 
scribed in the previous section and then averaged to obtain 
values for a single plant. As shown, all of the hybrid 
lines which contain heterozygous teosinte germplasm were 
higher yielding than their A158 control. This yield data 
will be treated in greater detail in subsequent sections. 
There is little prolific yield, and there is no significant 
amount of tillering. The number of days to anthesis varies 
from 60 to 63. This difference of only three days was not 
found to be significant. Plant heights appeared more vari¬ 
able, with a range of 40 cm. 
Ear traits for this group show little variation in the 
five traits recorded, as shown in Table 9. However, this 
does not hold true for the next two groups, as will be dis¬ 
cussed shortly. Ear length varied from 17.2 cm to 20.7 cm. 
88 
G
R
O
U
P
 
I 
P
L
A
N
T
 
A
N
D
 
E
A
R
 
T
R
A
IT
S
 
E
X
P
R
E
S
S
E
D
 
O
N
 
A
 
P
E
R
 
P
L
A
N
T
 
B
A
S
IS
 
89 
E-t 
o e 
H u 
w -- 
Lnr^v^r^cxDOLncx) 
OOOOOOtHjHCNCO 
rHrHCMCNCNCMCNfH 
fa 
O 
w 
fa 
w 
l-q 
H 
E-t 
OOOOOtHOO 
fa 
Eh fa 
Z D 
fa Eh 
U W 
fa H 
fa O 
fa s 
t—I I—I rH rH ^ CO CN O 
fa 
H 
fa fa 
fa 
< fa o rH <N CN ro fa fa fa 
Q Eh VO VO VO VO VO VO VO VO 
s 
fa < 
O 
o 
Eh 
fa 
Eh fa 
H C 
fa fa 
fa fa o o rH rH fa 00 
Eh fa CQ • 
<3 s tH tH tH rH rH rH rH rH 
Eh Eh D 
Z O z 
< EH 
fa 
fa 
U 
H 
fa Q 1 1 CP Cn (jt trt Jjt 
H fa 1 1 
fa >^ 1 1 IT) 1-H VO LD CN 
o 1 1 (N rH 
fa 
fa 
>H 
fa CP CP CP CP CP CP CP CP 
Q 
fa fa fa <P rH tH 
M >H (N fa O O rH 
fa r—1 rH rH rH iH rH rH rH 
fa 
fa CP CP CP tP CP CP CP CP 
< Q 
Eh fa fa O CM 00 fa VO ro 
O >H CM fa fa CM fa CM tH 
Eh i-H rH 1^ rH rH rH rH rH 
fa 
fa 
fa 
fa 
fa 
o 
o 
fa 
fa 
fa 
fa 
oovDrHr^vDr^r^r^ 
roro'^rronrorom 
=♦»= 
fa 
O 
fa fa 
fa fa 
O fa 
fa 
=»4= 
CN'^^CNCNCN'^CN 
S B £ £ £ £ £ £ 
fa O u u u 0 0 0 O 
Eh 
fa Q o <pi o r- VO in CP 
< H • 
fa 12 fa fa fa fa fa fa 
e £ £ £ £ £ £ £ 
fa u u u u u 0 0 U 
Eh 
CP <p CP fa O r* VO CM 
fa Z • • 
< fa 00 CP 00 o o 
fa fa rH rH rH rH CM CM rH rH 
fa 
z • 
H O 
fa z 
CN fa ^ LO vD c» 
fa 
z • 
H O 
fa z 
rHCNfa'^LO'Xtr^OO 
90 
a range of only 3.5 cm. Ear width was much less variable, 
reflecting a range of 0.5 cm. The ears from the Group I 
hybrids are shown in Plate 7. The number of kernel rows per 
ear was highest for line 3. The average percent moisture 
was approximately 42%, and the hybrid lines which contained 
the teosinte segments did not differ significantly from the 
control line. 
Group II plant traits. Table 10 presents the averages 
computed on a per plant basis for the hybrids of Group II. 
In the first column, that of total yield, it can be seen 
that one line averaged less than the control. There were 
significant increases for yield in this group over the pre¬ 
vious one which can be attributed to the increased genetic 
diversity of the parents. Here, prolific yield has in¬ 
creased over that seen in Group I. The plants are also 
taller and tiller more profusely. This reflects the traits 
which come from the second inbred parental line, called 
Havels. The number of days to anthesis varies from 62 to 
66, with line number 6 being later than any other line in 
the first two groups. 
The ear traits for Group II are also shown in Table 10. 
Although ear width varied little from the first group, ear 
length increased by approximately 3 to 4 cm. The ears from 
each of the eight hybrids in Group II are shown in Plate 8. 
The number of kernels per row also increased which 
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correlates with the increase in ear length. The moisture 
content of the ears was below the average for Group I in 
the case of lines 3, 4, 5, and 7. 
Group III plant traits. The hybrid lines from 
Group III are itemized in Table 11. On an individual line 
basis, greater yield is seen in lines 1, 2, 3, and 4. The 
prolific nature of these lines has increased greatly over 
Groups I and II. The number of ears and tillers also in¬ 
creased here as a result of the Tripsacum germplasm. The 
average height for Group III is 4 cm over that of Group II. 
There are very few differences in individual ear traits 
between Groups II and III. However, they both differ sig¬ 
nificantly from Group I. The ears from the hybrids of 
Group III are shown in Plate 9. The primary differences 
occurred in the development of prolific ears. It can be 
seen that the percentage of moisture in the ears does not 
vary greatly from Group II. Thus, the Tripsacum does not 
appear to delay the process of maturation. 
Thus, the Tripsacum material presents similarities to 
the non-Tripsacum material in both plant and ear traits. 
This suggests that germplasm as exotic as Tripsacum can be 
effectively used without upsetting the agronomic fitness 
of maize hybrids. The potential increase in yield which 
has been demonstrated in this research will be discussed 
in later sections. 
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Heterosis 
This section begins the more detailed, quantitative 
analysis of the hybrids with an examination of heterosis for 
yield. The hybrids will be studied both as individual lines 
as well as by the three separate groups in which they are 
contained. Heterosis can be evaluated in a number of ways 
(Sinha and Khana, 1975) . Here, it is evaluated in reference 
to the performance of the better parent. It can be utilized 
in this fashion by the following formula: 
Heterosis = <^1" parent) ^ _ 
(better parent) 
This formula was utilized in computing the values for 
percent heterosis in yield as shown in Table 12. 
This table will now be examined in detail. Under the 
column labeled "genotypes" are the symbols P^, P2/ 
Pj^ X P2. Here, refers to the particular tester line 
being used. In Group I, this was the inbred line A158 
which contains no teosinte. It was crossed to each of the 
seven teosinte substitution lines. The values listed in 
the P2 column are the yields of these inbred substitution 
lines and P^^ x P2 represents the yield of the hybrid com¬ 
binations with data presented in kilograms. The hybrid 
and inbred values are the mean yields for the ten-plant 
rows of the experiment. (Total yields are given in 
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TABLE 12 
HETEROSIS IN YIELD 
GENOTYPES 
% HETEROSIS 
OVER BETTER 
GROUP 
II 
III 
LINE I’l 
1.13 
^2 
P, X PARE] 
1 1.15 
.1. ^ 
1.25 9% 
2 1.13 1.20 1.34 12% 
3 1.13 1.15 1.50 30% 
4 1.13 1.18 1.22 3% 
5 1.13 1.00 1.38 22% 
6 1.13 0.85 1.26 12% 
7 1.13 0.70 1.76 56% 
8 1.13 1.13 1.13 0 
1 1.30 1.15 1.75 35% 
2 1.30 1.20 1.91 47% 
3 1.30 1.15 2.11 81% 
4 1.30 1.18 1.84 42% 
5 1.30 1.00 2.14 65% 
6 1.30 0.85 1.60 23% 
7 1.30 0.70 2.05 58% 
8 1.30 1.13 1.83 41% 
1 1.35 1.15 2.00 48% 
2 1.35 1.20 2.10 55% 
3 1.35 1.15 2.33 73% 
4 1.35 1.18 2.43 80% 
5 1.35 1.00 2.01 49% 
6 1.35 0.85 1.58 17% 
7 1.35 0.70 2.06 53% 
8 1.35 1.13 1.83 35% 
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Table 24.) 
Group I is a study of the percent heterosis which 
results from the heterozygous condition which exists for the 
introgressed teosinte segments and their maize counterparts. 
Other than for these segments, these hybrids are completely 
isogenic. Values in percent heterosis range from 9% to 56% 
above the better parent. The group average is 21% heterosis. 
Here, the greatest heterosis is seen for lines 7, 3, and 5 
which represent Durango teosinte segments 1, 7, 9, Florida 
teosinte segment 9, and Florida teosinte segments 3, 4, 9, 
respectively. Comparisons between the column and the 
P2 column for Group I reveal that, in their homozygous con¬ 
dition, three out of eight of these teosinte substitution 
lines are less vigorous than their A158 control. A second 
point of interest was that line 7, which gave the best 
Group I hybrid, was the least vigorous as a substitution 
homozygote. This is in accordance with the findings of 
Sehgal (1963) who previously demonstrated a similar heter¬ 
otic reaction when teosinte germplasm was in a heterozygous 
state but not when these same segments were homozygous. 
Group II hybrids were made by crossing the second 
tester line, Havels, which contains no Tripsacum germplasm, 
to the seven teosinte substitution lines and the A158 con¬ 
trol. Here, the P^ value is the yield of the Havels line 
while the P2 values are the yields of the same teosinte 
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substitution lines. Values in the final column show 
heterosis to vary from 23% to 81% over that of the better 
parent, with the average being 49%. The top three lines 
are 3, 5, and 7. These are Florida teosinte segment 9, 
Florida teosinte segments 3, 4, 9 and Durango teosinte 
segments 1, 7, 9, respectively. They all represent in¬ 
creases in yield over their respective values in Group I. 
Group III hybrids were a result of crossing the inbred 
Havels line, this time containing the Tripsacum chromosome, 
with the teosinte substitution lines. The value in is 
that of the yield for this Havels-Tr 7(2) inbred. The 
yield values in the x P2 column can be effectively con¬ 
trasted to those of Group II. The three lines exhibiting 
the greatest percent heterosis are 4, 3, and 2. These are 
Florida teosinte segments 4, 9, Florida teosinte segment 9, 
and Florida teosinte 4, respectively. These three pedi¬ 
grees show that the Tripsacum chromosome is most heterotic 
in combination with Florida teosinte germplasm. The aver¬ 
age value for the group is 51% which does not differ 
significantly from Group II. However, there are signifi¬ 
cant differences which occur at the individual line level, 
as will be discussed in the next section. Line 4, gener¬ 
ated from the cross of Al58-Florida teosinte 4, 9 by Havels- 
Tr 7(2), produced the highest yield and the greatest 
percent heterotic increase seen in this experiment. In 
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comparison, line 7, which gave the best yield in Group I, 
is not among the top three hybrids of Group III. 
Duncan's Multiple Range Test 
A critical examination of the yield values for the 
24 hybrids is a necessary statistical component of this 
experiment. Duncan's range test was utilized to effectively 
compare the means of each hybrid with one another. The tab¬ 
ulation of total yields, mean yields and significant group¬ 
ings are presented in Table 13. This test was performed 
at the usual 5% level of confidence (Steele and Torrey, 
1960). This analysis permits a more exacting evaluation 
of the individual hybrid lines. 
As shown in Table 13, the means from Group I are 
divided into two classes of significance. Lines 7 and 3 
comprise the first class, with mean yields of 1.76 kg and 
1.50 kg per ten plants, respectively. The rest of the 
lines did not differ significantly from the control, line 8. 
As would be expected, these lines are ranked quite low in 
the overall performance category as shown in the last 
column of the table. This is due to the relatively small 
degree of heterozygosity which they contain. 
Group II hybrids were also divided into two classes. 
Lines 5, 3 and 7, containing teosinte germplasm from Flor¬ 
ida and Durango teosintes, showed the largest mean yields. 
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TABLE 13 
DUNCAN'S RANGE TEST 
GROUP LINE yieldI 
MEAN 
yieldI 
SIGNIFICANCE 
OF MEAN 
OVERALL 
MEAN RANK 
I 7 10.58 1.76 A 14 
3 8.97 1.50 A 18 
5 8.25 1.38 B 19 
2 8.03 . 1.34 B 20 
1 7.50 1.25 B 21 
6 7.47 1.24 B 22 
4 7.32 1.22 B 23 
8 6.80 1.13 B 24 
II 5 12.82 2.14 A 3 
3 12.63 2.11 A 4 
7 12.28 2.05 A 7 
2 11.46 1.91 A B 10 
4 11.03 1.84 A B 11 
8 10.99 1.83 A B 12 
1 10.50 1.75 A B 15 
6 9.57 1.60 B 16 
III 4 14.60 2.43 A 1 
3 13.97 2.33 A B 2 
2 12.40 2.10 ABC 5 
7 12.34 2.06 ABC 6 
5 12.04 2.01 B C 8 
1 11.98 2.00 B C 9 
8 10.96 1.83 C D 13 
6 9.47 1.58 D 17 
^In kilograms 
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However, these did not differ significantly from the 
control, line 8, which contains no teosinte germplasm. 
These three lines also represent the number 3, 4, and 7 
positions in the overall ranking of the means. Thus, a 
greater degree of heterosis is visible here, as seen in 
Table 12 which correlates with the increased genetic 
diversity of the parental material. 
In Group III, much more heterogeneity was exposed, in 
that four separate classes of significance were determined. 
Here, the control line, which contained neither Tripsacum 
nor teosinte germplasm, was found to be significantly 
different from lines 4 and 3. These first two lines are 
also the ones with the highest overall mean rank. These 
two lines, both containing segments from Florida teosinte, 
show the most significant increase in yield above their 
control seen in this experiment. 
In summation, then, it can be seen that greater 
diversity in mean yield runs in a progression from Group I 
to Group III. The last column in the table, that of over¬ 
all mean rank, serves to correlate these rankings with 
their particular classes of significance. The top quarter 
of the 24 lines measured have four entries in Group III 
and two entries in Group II. The first four of these six 
lines each have a mean yield which differs significantly 
from its respective control. 
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Combining Ability 
Procedures from Ross and Brookson (1966) and from 
Simmonds (1979) were utilized for the computation of gen¬ 
eral combining ability (GCA) values. This type of analysis 
differs from those used previously (Johnston, 1966; 
Griffing, 1956), in that it is not based on a diallel 
crossing design. Instead, these methods are based upon 
an M X N mating plan utilizing two classes of parental 
material as shown earlier in Table 4. 
General combining ability (GCA) values were tabulated 
in the following manner. The row and column totals shown 
in Table 4 were divided by their appropriate denominator, 
that being 8 and 3, respectively, to give an average value. 
The overall mean of 1.77 kg was then subtracted from each 
one of these averages. These values, summed for each of 
the 24 hybrids, are presented in Table 14. This table 
shows an increase in GCA as the genetic diversity of the 
parental classes increases. Thus, Group I has a GCA value 
of -0.42, Group II has a value of +0.13, and Group III has 
a GCA of +0.27. The tester line for Group III, that of 
Havels-Tr 7 (2), has the best overall combining ability 
seen in these yield trials. 
The second class of inbreds, those being the A158- 
teosinte substitution lines, show a range of GCA values from 
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-0.29 to +0.21. The line with the least combining ability 
is the Al58-Nobogame 4 derivative, while the best value is 
from the Al58-Florida 9 derivative. The largest individual 
positive values are seen in row 3, while the most negative 
values are in row 8. As indicated by the values for 
Group III, a wide range of combining ability is seen in 
the crosses involving the Tripsacum germplasm. 
Additional comparisons between these two classes of 
parental material can be made at this time. An analysis of 
variance was performed with the results shown in Table 15. 
The sum of squares for the three tester lines was found to 
be highly significant, while those for the teosinte sub¬ 
stitution lines were not significant. The proportion of the 
total sum of squares attributed to the parental lines to¬ 
gether was 88%. This value is very high; only 12% of which 
was left unaccounted. 
TABLE 15 
PARENTAL ANALYSIS OF VARIANCE 
SOURCE DF SSQS MSQS F 
TESTERS 2 2.11 1.06 39.18** 
A158-SUB. 
LINES 
7 0.64 0.09 3.37 
REMAINDER 14 0.38 0.03 
TOTAL 23 3.13 0.14 
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The combining ability data presented earlier can be 
used graphically to better visualize superior hybrid com¬ 
binations. To do this, each of the GCA values presented in 
Table 14 was added to each of the 24 values for mean yield 
to provide a series of expected means. This enabled a 
graph of observed versus expected yield to be plotted as 
shown in Figure 5. The data points were then subjected to 
a regression analysis which generated a line with an inter¬ 
cept of 0.303, an r value of 0.908 and an r^ of 0.824. This 
highly significant r value means that GCA effects are the 
primary source of variance in this data, while specific 
combining ability (SCA) effects are relatively small. This 
fact is reflected in the small amount of scatter seen about 
the regression line. An analysis of variance for this re¬ 
gression line is shown in Table 16. This emphasizes the 
fact that approximately 82% of the total sum of squares is 
accounted for by the sum of squares for regression. 
TABLE 16 
REGRESSION ANALYSIS OF VARIANCE 
SOURCE DF SSQS MSQS F 
TOTAL 
REGRESSION 
23 3.07 0.13 
1 2.53 2.53 126.5** 
DEVIATIONS 
FROM 
REGRESSION 22 0.54 0.02 
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0.5 1.0 1.5 2.0 2.5 
EXPECTED YIELD (kg) 
Fig. 5. Graphic presentation of 
combining ability values. 
general 
i 
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Specific combining effects can be quantified by 
computing the deviations of each point from the regression 
line shown in Figure 5. As can be seen in Table 11, some 
of these deviations are quite high, and they indicate a few 
particularly favorable combinations. Examples of these are 
lines 6, 7, 13, and 20. 
Frequency Distributions 
The frequency values fitting the range of yields 
between 0.90 kg and 3.20 kg are tabulated in Table 18. 
Here, each value for yield is presented with the number of 
lines which had such a yield figure. Each entry represents 
the adjusted yield for one of the ten-plant rows of which 
there was a total of 144 in the field trials. Such an 
analysis is useful in describing the central tendencies 
and dispersions of each group. 
This data is presented graphically in Figure 6. 
Groups I and II show strong central tendencies, each having 
a large number of values centered around its respective 
means. Group III lacks this central tendency and shows a 
great deal of dispersion. The means, standard deviations 
and variances are summarized at the bottom of Table 18. 
The significant difference in yield which occurs 
between Group I and Groups II and III is readily seen. A 
corresponding increase in the variance of each group is 
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TABLE 17 
SPECIFIC COMBINING ABILITY VALUES 
GROUP 
I 
II 
III 
LINE OBS.-EXP. SCA 
1 1.25-1.25 0 
2 1.34-1.36 -0.02 
3 1.50-1.56 -0.06 
4 1.22-1.41 -0.19 
5 1.38-1.25 +0.13 
6 1.25-0.71 +0.54 
7 l'.76-1.54 +0.21 
8 
ro 
r—
1 • 
1—
1 
1 00 
1—1 • 
1—
1 -0.05 
9 1.75-1.80 -0.05 
10 1.91-1.89 + 0.11 
11 2.11-2.11 0 
12 1.83-1.96 -0.13 
13 2.14-1.97 + 0.17 
14 1.60-1.61 -0.01 
15 2.05-2.09 -0.04 
16 1.83-1.73 +0.10 
17 2.00-1.94 +0.06 
18 2.10-2.03 +0.07 
19 2.32-2.25 +0.07 
20 2.43-2.10 +0.33 
21 2.01-2.11 -0.10 
22 1.58-1.75 -0.17 
23 2.06-2.23 -0.17 
24 1.83-1.87 -0.04 
Ill 
TABLE 18 
FREQUENCY DISTRIBUTION OF YIELD 
YIELD GROUP I GROUP II GROUP III 
IN KG FREQUENCY FREQUENCY FREQUENCY 
0.9 1 — — 
1.0 1 — — 
1.1 4 — — 
1.2 11 — — 
1.3 9 2 1 
1.4 9 1 1 
1.5 5 3 2 
1.6 5 ■ 3 4 
1.7 1 4 3 
00 • 
1—1 — 5 5 
1.9 1 12 6 
2.0 — 5 3 
2.1 1 3 6 
2.2 — 4 4 
2.3 — 1 3 
2.4 — 2 1 
2.5 — — 2 
2.6 — 3 4 
2.7 — — 2 
3.2 — — 1 
TOTALS 
GROUP YIELD MEAN S.D. VARIANCE 
I 64.92 kg 1.35 .221 .049 
II 91.28 kg 1.91 .307 .094 
III 97.76 kg 2.05 .397 .155 
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seen as the diversity of the parental lines increases. 
This is as expected. However, as shown by the plot of 
Group III, this variance also constitutes a "tail" which 
includes four values at the 2.60 kg position, two values 
at the 2.70 kg position, and one value at the 3.20 kg 
position. Thus, along with increased variance has come 
an increase in yield. 
Scatter Diagrams and Correlations Analyzed by Groups 
A series of scatter diagrams was made in order to 
study correlations between yield and 13 plant and ear 
traits. A summation of these coefficients of linear re¬ 
gression is presented in Table 19. Each correlation value 
is given along with its respective standard error of the 
estimate (standard deviation). For this section, these 
scatter diagrams were generated in relation to the three 
groups of tester lines. The next section will discuss the 
correlations which were performed for the eight A158 
teosinte substitution lines. 
As would be expected, the deviations show a consistent 
increase from Group I to Group while the r values ex¬ 
press a diverse range of trends. The first row of Table 19 
gives the r value for the regression of total yield on 
primary yield. The highest r value, that of 0.61, is seen 
for Group II. This accurately reflects the linear trend in 
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yield for this group. However, it is Group I which has the 
largest percentage of its total yield attributable to pri¬ 
mary yield, yet its r value is only 0.19. This is indica¬ 
tive of the group's general uniformity for yield and other 
plant traits. There is little deviation and virtually no 
linear increase in yield. 
The values in the second row are for the regression of 
total yield on prolific yield. Now the highest r value is 
seen for Group I even though it has virtually no prolific 
yield. Group III shows a standard deviation here of 0.39, 
quite above the 0.15 value for Group I. This same trend is 
seen in the third row of the table. Even though highly 
significant r values occur, they add little to the under¬ 
standing of the individual yield components of the group. 
The fourth row, which shows the regression of total 
yield on the number of days to anthesis, shows a positive 
r value for Group I. Groups II and III show a negative 
correlation. This fact accentuates the tie between in¬ 
creased vigor of a hybrid and a simultaneous decline in 
flowering date. The r values relating tiller number and 
total yield suggest no real correlation between the two. 
Row 6 gives r values for the regression of total 
yield on plant height. Two values, those for Groups I and 
II, are significant and approximately equal. Group III 
shows a sharp decline in accordance with its increased 
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standard deviation. 
Both ear length and kernel number per row appear to 
have little correlation with total yield as shown by the 
r values in rows 7 and 8. There is one significant r 
value, that of 0.27 for Group III. This correlation be¬ 
tween total yield and kernel number for the lines having 
Tripsacum germplasm in them will be discussed in more 
detail later. 
The last section of Table 19 examines the correlations 
involving prolific yield. A consistent increase is seen in 
the r values of row 9, suggesting a correspondence between 
the number of tillers and prolific yield for the lines con¬ 
taining Tripsacum germplasm. This is just the opposite of 
the trend observed in row 5 where tiller number was cor¬ 
related with total yield. The next four rows show a gen¬ 
eral negative correlation between various ear traits and 
prolific yield. The larger the ears, the more negative is 
the correlation which is established between it and the 
prolific yield of the plant. 
Scatter Diagrams and Correlations Analyzed by Hybrid Lin^ 
This section will discuss the same 13 linear regres¬ 
sions used in the previous section. Here, however, they 
were performed for each of the hybrid substitution lines 
as outlined in Table 3. These coefficients of correlation 
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each represent 18 data points, six from each of the three 
field replications. The r values for these lines are given 
in Tables 20 and 21. 
The first three rows of each table show the r values 
for the regression of total yield on primary yield, pro¬ 
lific yield and number of ears. Although many significant 
r values are shown, those for lines 1, 3, 4, and 5 show the 
best overall correlations'. Of these, lines 3, 4, and 5 
have an overall positive GCA value as well, as shown in 
Table 14. Line 4, which gave the highest yield seen in the 
field trials, showed a highly significant correlation for 
prolific yield and ear number. This can be contrasted to 
line 7 where ear number was greatest, but it seemed to have 
little correlation with total yield. 
There were no particularly strong correlations between 
the number of days to anthesis and yield, although lines 
2, 3, and 6 show significant r values. No significant neg¬ 
ative correlations were seen. The correlation values for 
tiller number were highest for lines which produced the 
least number of tillers. These r values could be as high 
as they are because of the small amount of standard 
deviations shown. 
The correlation coefficient seen in row 6 can be 
associated with vigor in plant height for lines 2, 4, 5, 6, 
The most noticeable increase in height occurred and 8. 
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for lines 4 and 5, a gain of 76 cm and 81 cm, respectively. 
Line 4 exhibited a large standard deviation as well, re¬ 
flecting its diversity of phenotypic expression. In terms 
of yield, height appears to be an accurate indicator of 
heterosis for lines which have Florida teosinte components 
present in their genome. 
Row 7 presents the correlation values for the regres¬ 
sion of total yield on ear length. Lines 2 and 8 particu¬ 
larly show highly significant r values. For line 8, 
overall ear length increased by 6 cm with the Tripsacum 
gemplasm having no effect. For line 2, the increase was 
5 cm, with the Tripsacum causing a small reduction in 
length. The lines with the greatest ear length were 2, 3 
and 5, and these all showed highly significant correlation 
values. Most of the gain occurred with the Havels tester 
line without the Tripsacum chromosome. No highly signifi¬ 
cant correlations were observed for the regression of total 
yield on the number of kernels as shown in row 8. Here 
again an increase occurred when the Havels without the 
Tripsacum was one of the parents. 
In the regression of prolific yield on the five traits 
shown in rows 9 through 13, it is seen that most r values 
are negative. A few lines show a positive correlation for 
tiller number, the highest one being line 6 which had the 
least overall total yield. Highly significant correlations 
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with ear length were not present. Row 12 shows a highly 
significant value of 0.64 for line 1. This line showed an 
increase from 12 to 16 rows per ear, which was approximately 
the same trend for the other lines as well. The most pro¬ 
lific plants, in terms of number of ears, produced a nega¬ 
tive correlation in conjunction with the number of kernels, 
as shown in row 13. These two lines, numbers 6 and 7, 
contain the Nobogame and Durango teosinte segments, 
respectively. 
Agronomic Analysis 
This section presents data suitable for an agronomic 
analysis of the hybrids used in the current study. The 
data is ranked here by total yield with the other infoima- 
tion presented subsequently as shown in Table 22. This is 
in accordance with standard formats being used in commercial 
hybrid corn tests (Lovell et al., 1980). This arrangement 
of data would allow for the selection of other desirable 
traits which occur along with the primary agronomic trait 
of yield. 
For example, the top quarter of the hybrids (the first 
six rows of Table 22), as ranked for total yield, corres¬ 
pond with seedling vigor ratings from 62% to 96% as shown 
in column 3. Here, the percent of emergence was used as a 
measure of seedling vigor with the number of seedlings 
TABLE 22 
AGRONOMIC CHARACTERS RANKED IN RELATION TO YIELD 
PEDIGREE 
(1) 
TOTAL^ 
YIELD^ 
(2) 
GRAIN 
H^O % 
(3) 
SEED¬ 
LING 
VIGOR 
%2 
(4) 
PLANT 
HT (cm) 
(5) 
DAYS 
TO 
ANTHE- 
SIS 
(6) 
# OF 
EARS 
Hav.Tr7(2) x 
A158-F,4&9 14.60 36 75 283 63 16 
Hav.TrT(2) x 
A158-F.9 13.97 36 89 277 64 14 
Havels x 
A158-F.3,4,9 12.82 38 70 ' 293 63 15 
Havels x 
A158-F.9 12.63 40 96 284 63 13 
Hav.Tr7(2) x 
A158-F.4 12.40 34 62 266 63 11 
Hav.Tr7(2) x 
Al58-Dur.l,7,9 12.34 37 68 279 63 25 
Havels x 
Al58-Dur.1,7,9 12.28 39 88 272 64 19 
Hav.Tr.7(2) x 
A158-F.3,4,9 12.04 38 81 299 63 16 
Hav.Tr7(2) x 
A158-F.3 11.98 41 98 258 61 12 
Havels x 
A158-F.4 11.46 41 60 258 62 11 
Havels x 
A158-F.4&9 11.03 38 59 274 63 14 
Havels x A158 10.99 43 45 256 62 10 
Hav.Tr7(2) x 
A158 10.96 34 82 261 62 11 
A158 X A158- 
Dur.1,7,9 10.58 42 70 225 63 
19 
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TABLE 22—Continued 
PEDIGREE (1) (2) (3) (4) (5) (6) 
Havels x 
A158-F.3 10,50 42 96 256 62 12 
Havels x 
A158-Nobo 4 9.57 43 61 262 66 15 
Hav.Tr7(2) x 
A158-Nobo 4 9.47 37 63 269 65 19 
A158 X 
A158-F.9 8.97 41 88 206 62 11 
A158 X 
A158-F.3,4,9 8.25 44 64 218 63 13 
A158 X 
A158-F.4 8.03 41 52 186 61 10 
A158 X 
A158-F.3 7.50 41 81 185 60 10 
A158 X 
Al58-Nobo.4 7.47 43 66 210 63 14 
A158 X 
A158-F.4&9 7.32 41 78 207 62 13 
A158 6.80 40 69 187 62 10 
MEANS 10,58 40 72 249 63 14 
^Sum of the three replications in kg. 
measure of percent emergence, as described in text. 
^The average number of ears per 10 plant row. 
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counted at the three- to four-leaf stage of growth in the 
performance trials. Now, of these six lines, four can be 
seen to carry the extra Tripsacum chromosome. These are 
seen in rows 1, 2, 5 and 6. Of these, row 2 shows the 
highest seedling vigor, a value of 89%. The best ratings 
for seedling vigor, seen in rows 4, 9, and 15, come from 
lines which do not have the Tripsacum chromosome. 
As shown in columns ,2 and 4, there is very little 
variability expressed in these two measures of maturity. 
The percent grain H2O ranges from 34 to 40. Since 40% is 
the overall average, there seems to be room for selection 
towards faster maturity as both of the first two rows show 
values of 36%. The number of days to anthesis, 63 or 64, 
is equivalent to the overall average of 63. Thus, there 
is little room for selection here. 
As mentioned above, four of the six best-yielding 
lines contain the extra Tripsacum chromosome. This was 
verified in the cytological survey as summarized in 
Table 6. Plant height in these four lines is of good 
stature, but more vigor in height is exhibited by the 
lines presented in rows 3 and 4 which do not contain the 
Tripsacum chromosome. The maturity of the hybrids, as 
measured by grain H2O, was not delayed in lines 1, 2, 5 
or 6. 
Column six gives the average number of ears per 10 
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plants as observed in the performance trials. The data in 
this column facilitates selections which might be made 
according to the degree of prolificacy of the hybrids. 
For example, row 5 would potentially offer a hybrid with 
good yield, Tripsacum germplasm, and virtually no prolific 
tendencies. The other extreme can be seen in row 6 where 
the Tripsacum genetic material is in a hybrid also contain¬ 
ing genes from Durango teosinte. Here, the average number 
of ears is 25 per row. 
CHAPTER VII 
DISCUSSION AND CONCLUSIONS 
Genome Variation 
As stated previously, this research was undertaken to 
evaluate the potential for known components of alien germ- 
plasm to contribute to the agronomic improvement of maize. 
Among the many effects observed, those belonging to the 
following categories summarize the more important implica¬ 
tions of this research: 
1) creating or identifying variability which has 
agronomic potential; 
2) increasing heterosis of yield; 
3) increasing the general combining ability, and, 
4) modifying the expression of agronomic traits 
by varying the background genome of the hybrid. 
Each of these areas will now be discussed in detail and 
in the sequence presented above as a means to summarize 
the results of this experiment. 
Enhanced genome variation. The variability contained with¬ 
in the genome of a species has long been understood to be 
the raw material from which new hybrids, cultivars, and 
even new species, can be generated. This variability 
126 
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is based upon mutations. Hence, a number of methods have 
been employed by scientists in the hopes of generating new 
mutations from which usable phenotypes might arise. Among 
such attempts have been radiation mutagenesis of plant 
tissue (Singleton, 1955), exposure of plant tissue to 
chemical mutagens such as EMS (Cohen, unpub.), protoplast 
fusion (Sheppard, 1980), and the utilization of alien or 
exotic germplasm (Feldman'and Sears, 1981). 
This last method, that of utilizing progenitor and 
exotic germplasm, has been evaluated in the current study. 
It would be expected that almost any addition of alien 
genetic material to an inbred line of maize would generate 
an increasing amount of genome variation. However, it 
remains to be determined what the exact worth of this 
variation might be. 
Genome variation was examined on the molecular basis 
by the isoelectric focusing of kernel storage proteins. 
As mentioned previously in Chapter V, the zymograms for 
the three inbred tester lines were found to differ from 
one another. The greatest variation observed was seen 
in the tester line containing the alien Tripsacum chromo¬ 
some. The protein profiles of the hybrids comprising 
Groups I and II show variation between the groups but 
not within the groups. However, within group variation 
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is seen among the eight hybrids which comprise Group III 
as shown in Figure 4. 
A second measurement of this increased diversity is 
provided by the standard deviations and variances obtained 
for mean yield from each of the three groups. As shown 
in Table 23, the deviations are seen to increase from 
Group I to Group III by 80%. This table also shows the 
control line for Group III to produce a 35% heterotic 
increase over its parents. However, six out of the eight 
lines showed a greater level of heterotic increase than 
their control. Along with this increase in diversity is 
a related increase in yield and percent heterotic increase. 
Thus, in Group III, 75% of the hybrids had a better heter¬ 
otic response than their control. As seen in Table 23, 
the majority of the increased diversity arising from the 
alien germplasm provides a valuable source of heterosis 
for these hybrids. 
It should be kept in mind that the inbreds used in 
this experiment are isogenic, thus making their basic 
genomes very similar. This, of course, allows for a much 
more accurate assessment of the effects of the alien 
germplasm involved. Thus, even more variation than that 
presented in Table 23 would be expected to occur if hybrids 
had been constructed from inbreds having more diverse 
backgrounds and also having the incorporated alien germplasm. 
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A final representation of this increased diversity 
comes from studying the amount of dispersion in scatter- 
gram plots of total yield and prolific yield. These 
graphs show not only an increase in total yield, but an 
increase in the amount of variation about the mean. In 
Figure 7, the scattergram of total yield versus prolific 
yield for Group I is presented. It can be seen that most 
of the 48 values, each of which represents the yield of 
one 10-plant row, are clustered in the bottom portion of 
the graph. 
This trend changes in Figure 8 which presents the 
hybrids of Group II. Although there is still a clustering 
around the mean of 1.90 kg there is much more evidence of 
dispersion, with exceptional values observed in the range 
of 2.4 kg and above. 
The greatest amount of dispersion is seen in the graph 
of the third group, shown in Figure 9. Here, there are 
exceptional values both in total yield and prolific yield. 
Thus, with this diversity has come an increased percentage 
of hybrids with larger yields. 
Heterosis Reexamined 
Heterosis of yield. It has been shown that many of the 
hybrids which contained teosinte germplasm had a total 
yield greater than their particular control lines, which 
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contained no exotic germplasm. This confirms the potential 
for heterotic reactions to occur in maize hybrids contain¬ 
ing teosinte germplasm. These findings are in accordance 
with those of Sehgal (196 3) and Reeves (19 50) ; both of 
whom demonstrated that heterosis could occur when teosinte 
germplasm was in a heterozygous combination with its 
homologous germplasm from maize. 
However, the successful utilization of teosinte germ¬ 
plasm in a maize breeding program is, as might be expected, 
subject to some cautionary guidelines. For example, not 
only should the race or collection of teosinte be carefully 
studied, but the maize inbred should be analyzed as well. 
It is necessary to decide if the maize line selected to 
be modified by the incorporation of teosinte genes already 
contains a relatively large amount of teosinte germplasm 
(Reeves, 1950). Maize inbreds which already exhibit tripsa- 
coid traits will be less subject to improvement by adding 
additional genes from teosinte. The different results 
which can be obtained by crossing different races of teo¬ 
sinte with the same maize inbred were shown by Lambert 
and Leng (1965) . 
Differences similar to their data were seen in this 
study as well. For example, it can be seen from Table 12, 
heterosis in yield, that these trends are especially 
interesting in the hybrid lines which comprise Group II. 
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Here/ there is no Tripsacum germplasm present, but the 
hybrids are products of more parental diversity than the 
hybrids of Group I. The average percent increase for 
the Florida teosinte derivatives was 54%, with a high 
value of 81%. The Nobogame 4 teosinte derivative had 
the lowest increase, that of 23%, while the Durango 1, 
7, 9 teosinte derivative showed a 58% increase. The 
significance of these differences will be explained in 
greater detail in the following section. 
Heterotic reactions were also observed in the group 
of hybrids containing the alien Tripsacum chromosome. 
As mentioned previously, interest in Tripsacum germplasm 
and its potential range of effects on corn hybrids has 
existed for decades. An early study by Reeves and Bockholt 
(1964) suggested that a maize inbred could be modified by 
incorporation of Tripsacum germplasm and that potentially 
valuable agronomic lines could be selected out of such a 
population of modified lines. 
For the most part, however, work involving Tripsacum 
germplasm has involved screening Tripsacum x maize hybrids 
for qualitative genes conferring disease or pest resistance. 
A recent example of this comes from Berquist (1981). He 
started with derivatives of a Zea mays x Tripsacum hybrid 
which had been backcrossed to maize eight times and then 
selfed. It was noticed that this line showed resistance 
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to common rust of corn, Puccinia sorghi. After backcrossing 
these derivatives four more times to rust susceptible corn 
inbreds, he was able to obtain resistant responses in agro- 
nomically useful inbreds. 
A second example of such work involves the isolation 
of resistance to northern leaf blight. This type of resis¬ 
tance comes from a single gene, Ht 3, which was transferred 
from T. floridanum (Hooker and Perkins, 1980). After many 
years of work with these lines, this segment was incorpora¬ 
ted into a corn chromosome and now segregates in a normal 
manner (Simone and Hooker, 1976). 
Heterosis as related to hybrid pedigree. The histogram 
presented in Figure 10 summarizes the mean yield values 
obtained from the 24 different hybrids of which this experi¬ 
ment was comprised. This histogram provides a rapid visual 
check of each hybrid's performance as related to the seven 
teosinte substitution lines and the three tester lines. 
The individual pedigrees can be ascertained from Table 3. 
Looking at the first set of three hybrids, each one of 
which has one of its parents as the A158—Fla. 3 derivative, 
it can be seen that there is a rise in yield as we move 
from line 1, to line 2, to line 3. That is, as the A158- 
Fla. 3 derivative is crossed to progressively more distant 
parents the yield is seen to increase. This generalized 
trend holds true for the next nine lines as well. These 
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Fig. 10. Histogram showing total yield arranged by 
teosinte substitution lines. 
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lines all contain germplasm from teosinte race Florida, 
which was originally transferred to the U.S. from 
Guatemalan teosinte fields. The particular teosinte 
segments are indicated in Table 3. 
These first 12 hybrids show both an overall increase 
in yield on an individual basis and an increase as related 
to each of the four teosinte substitution lines and their 
respective testers. That is, yield increased progressively 
from the A158 tester hybrids to the Havels-20:0 hybrids, 
to the Havels-Tr 7(2) hybrids. However, looking at hybrids 
13, 14, and 15, in Figure 10 shows that this trend no 
longer holds true. Here, the teosinte germplasm is not 
responding in a heterotic manner to the Tripsacum chromo¬ 
some. In fact, hybrids 15, 18, 21, and 24 show no increase 
in yield over their counterparts, 14, 17, 20, and 23 which 
have no Tripsacum. 
In explaining these trends, it is important to consider 
previous studies involving introgressed germplasm from the 
Florida teosinte derivatives. The significance of these 
derivative lines has been mentioned previously by Galinat 
(1963c) and Sehgal (1963). They found that Florida teosinte 
chromosome segments 4 and 9 produce morphological changes 
upon inbred A158 very similar to characteristics associated 
with germplasm from flint types of maize. In this regard, 
chromosome segments 4 and 9 are considered the most 
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tripsacoid. Thus, the cross between A158-Florida teosinte 
derivatives with segments 4 and 9 present are the crosses 
most closely simulating a dent and flint hybrid combination. 
As can be seen in Figure 10, these combinations gave the 
most heterotic results seen among the 24 hybrids. This 
flint X dent heterosis is further increased by the addition 
of the germplasm contained on the Tripsacum chromosome. 
This is best visualized in Figure 10 by line numbers 12, 
9 and 6. 
However, when the Florida teosinte segments are all 
present, as in the Fla. 3, 4, and 9 derivative hybrids, the 
yield decreases. Here, the hybrid containing the Tripsacum 
chromosome actually shows a decline in yield as seen by 
line number 15. 
The germplasm from the Nobogame teosinte 4 derivative 
produces very different morphological effects upon the 
maize ear (Galinat, 1963c). It is more disruptive in 
hybrid combination than productive. The germplasm from 
the Durango 1, 7, 9 teosinte derivative heterotic, but 
shows no differential response to the Tripsacum tester 
line as seen by comparing lines 20 and 21. This is the 
same result found in the control crosses shown in lines 
23 and 24. These results will be discussed further in 
the following section. 
In summary, it can be seen from Table 12 exactly 
141 
which crosses were heterotic and to what extent. Of the 
three control crosses shown there, the one for Group II 
had the highest percent increase, that of 41%. Twelve 
different hybrids produced a yield with a percent increase 
greater than 41%. These twelve ranged from 42% to 81% 
and their average was 59%. Thus, half of the entries in 
this experiment showed a greater percentage of yield 
heterosis than the control cross containing no alien 
germplasm. 
Among the 24 different hybrids which comprised this 
research, there were four different heterotic systems 
which could potentially contribute to increased yield. 
These could be listed in the following categories: 
1) Maize (A158) x Maize (Havels); 
2) Maize/teosinte x Maize (A158 or Havels); 
3) Maize/teosinte x Maize/Tripsacum (Havels-Tr 7), and, 
4) Maize (Havels) x Maize/Tripsacum (Havels-Tr 7). 
The control lines from Group I and II fit the first category 
above, that of maize x maize heterosis. The other 14 hy¬ 
brids from these two groups fit into the second category. 
The hybrids from Group III fit into the third category. 
The control cross for Group II is the only hybrid which 
falls into the fourth category listed above. 
The performance of individual hybrid genome combina¬ 
tions varied in each of these categories. Those in the 
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first category contained no alien germplasm at all. The 
last three contained various amounts of alien germplasm 
with the third category containing both teosinte and 
Tripsacum germplasm. The significance of these different 
genome combinations is presented in Table 24. 
Here, the 24 hybrids are ranked in order by total 
yield. They are put into four quarters, each quarter 
containing 25% of the total number of hybrids. A summation 
of their hybrid genomes follows each of the four quarters. 
For example, of the top 25% of the hybrids, as shown in 
Table 24, 67% contained the extra Tripsacum chromosomes 
while 100% of these contained teosinte germplasm. In the 
second quarter, 33% of the hybrids had the Tripsacum chromo¬ 
some while 83% had some amount of teosinte germplasm. Thus, 
both Tripsacum and teosinte germplasm can be seen to be an 
important constituent of the genomes of the better yielding 
hvbrids. 
TABLE 24 
TOTAL YIELD AS RELATED TO GENOME CONSTITUTION OF THE HYBRIDS 
TOTAL YIELD 
RANKED IN 
PERCENTILES 
HYBRID GENOME CONSTITUTION 
TRIPSACUM GERMPLASM TEOSINTE GERMPLASM 
PRESENT ABSENT PRESENT ABSENT 
TOP 25% 67% 33% 100% 0 
SECOND 25% 33% 67% 83% 17% 
THIRD 25% 33% 67% 83% 17% 
FINAL 25% 0 100% 83% 17% 
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Effects of the Tripsacum chromosome associated with yield. 
This section will summarize the various effects upon yield 
which were seen in the hybrids which comprised Group III. 
It appears evident from the data that the genes located 
on the Tripsacum chromosome function in a epistatic manner. 
As mentioned in the literature review, the epistatic theory 
of heterosis generally refers to any non-allelic interaction 
which could be associated•with hybrid vigor. This type of 
interaction, perhaps best illustrated by allopolyploids, 
is also seen in some of the hybrids examined in this study. 
As stated in the previous section, the lines numbered 
3, 6, 9, and 12 as labeled in Figure 10, showed an increase 
in yield over their control lines, numbers 2, 5, 8, and 11, 
respectively. However, this was not the case for lines 15, 
18, 21, and 24, each of which also contained the Tripsacum 
chromosome. Thus, this alien chromosome generates an 
increase in yield over that seen in the heterozygous con 
trols in hybrids 3, 6, 9, and 12. So, interaction between 
genes of these two diverse genomes, that of maize and 
Tripsacum, must be playing an important role in the 
observed heterosis. This will be discussed again in the 
last section of this chapter. 
There are a number of maize plant traits that become 
altered when some amount of Tripsacum germplasm is present 
within the genome. Although they did not identify the 
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Tripsacum chromosomes involved, deWet (1979) and Stalker 
et al., (1977) have developed a list of plant traits which 
they found to be altered when Tripsacum germplasm was 
present. DeWet (1979) mentions changes in a corn plant's 
architecture, such as an increase in the number of ear 
bearing nodes, an increase in the number of ears produced 
at a node, and a strengthening of the stems and cob tissues. 
Stalker et al., (1977) summarize their experiments by 
reporting that plants with extra Tripsacum germplasm were 
often shorter, narrower-leaved, produced a greater number 
of tillers, produced tassel-tipped ears, and became more 
prolific. 
25 recapitulates data which has been presented 
previously in this thesis while serving to focus only on 
data from Group II and III hybrids. Here, key traits 
affected or not affected by the Tripsacum chromosome can 
be detected. In teinns of primary and prolific yield, it 
can be seen in Table 25, that the group means for primary 
yield alone are very similar. Greater divergence is seen 
in the prolific yield. The hybrids of Group III, which 
contain the extra Tripsacum chromosome, produce far more 
grain on the prolific ears than do the semi-prolific 
hybrids of Group II. It should also be noted that primary 
yield did increase in hybrid lines numbers 1, 2 and 4 of 
Group III. Thus, the alien chromosome demonstrates an 
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TABLE 25 
PHENOTYPIC EXPRESSION OF TRIPSACUM CHROMOSOME 
HYBRID LINE^ GROUP 
TRAIT No. II 
PRIMARY 1 1.61 
YIELD 2 1.83 
(kg)l 3 1.92 
4 1.69 
5 1.96 
6 1.07 
7 1.45 
8 1.83 
MEAN 1.67 
PROLIFIC 1 0.13 
YIELD 2 0.08 
(kg)l 3 0.09 
4 0.15 
5 0.18 
6 0.36 
7 0.71 
8 0 
MEAN 0.23 
TOTAL 1 11.5 
EAR. 2 11.0 
No.-^ 3 12.5 
4 13.8 
5 14.8 
6 14.7 
7 19.0 
8 10.0 
MEAN 13.4 
TILLER^ 
NUMBER"^ 
1 6.7 
2 4.3 
3 8.8 
4 5.0 
5 7.8 
6 10.8 
7 9.8 
8 5.2 
MEAN 7.3 
GROUP HYBRID 
III TRAIT 
1.74 PLANT ^ 
2.04 
1.91 
1.82 
1.57 
0.89 
1.01 
1.80 
1.60 
HEIGHTS'^ 
0.26 EAR 
0.07 LENGTH 
0.42 
0.61 
0.44 
0.69 
1.05 
0.03 
0.46 
(cm) 
11.8 EAR 
11.0 WIDTH 
14.2 
16.3 
15.5 
19.2 
24.5 
10.5 
15.4 
(cm) 
11.5 KERNEL 
6.0 NUMBER 
12.0 
11.8 
12.3 
18.5 
14.5 
7.0 
11.7 
PER ROW 
LINE^ GROUP GROUP 
No. II III 
1 256 258 
2 258 266 
3 284 277 
4 274 283 
5 293 299 
6 262 269 
7 272 280 
8 256 262 
MEAN 270 274 
1 22.5 23.1 
2 24.3 23.8 
3 24.4 23.2 
4 23.5 23.4 
5 24.2 24.1 
6 23.3 20.0 
7 21.8 17.3 
8 23.3 23.3 
MEAN 23.4 22.3 
1 4.0 4.0 
2 4.2 4.1 
3 4.1 4.1 
4 3.7 3.7 
5 3.7 3.5 
6 3.4 3.2 
7 3.4 3.1 
8 3.9 3.8 
MEAN 3.8 3.7 
1 42 40 
2 41 43 
3 49 44 
4 40 38 
5 43 39 
6 39 32 
7 39 30 
8 44 41 
MEAN 42 38 
^Figure based on a 10-plant row basis. 
^Line number explained in Table 3. 
Average plant height in cm. 
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ability to increase total yield by producing usable 
prolific ears. 
In terms of total ear number. Table 25 shows the mean 
value for total number of ears to be two ears greater for 
Group III than for Group II. It is interesting to note 
that line number 8, the control which has no teosinte germ- 
plasm, appears not to be affected by the Tripsacum germ- 
plasm for either percent yield, prolific yield, or number 
of ears. 
The number of tillers is increased to an average of 
11.7 in Group III hybrids over the 7.3 mean for the hybrids 
without Tripsacum. Plant heights are not as different, 
with the Tripsacum hybrids averaging about 4 cm taller. 
Ear characteristics seemed to be virtually unaffected 
by the alien chromosome. Ear length averaged 1 cm longer 
for the hybrids lacking the Tripsaciom germplasm while ear 
widths were almost identical. Although not shown in Table 
25, the number of rows of kernels were also equal, each 
group having an average of 15 rows. The number of kernels 
per row showed a slightly greater number to occur on the 
hybrids of Group II, the only exception being that of line 
2 in Group III. 
Prolificacy in maize hybrids. Although not always desirable 
in modern corn cultivation, prolific hybrids have been 
shown to have a number of important traits associated with 
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them. Studies have shown prolific plants to be better 
able to avert barrenness at high population densities 
than single eared types (Prior and Russel, 1975). Previous 
studies have also shown that mass selection for polificacy 
in "Hays Golden" was more effective for increasing yield 
than was selection for yield alone (Sorrells et al., 1979). 
These facts are mentioned because of the central role 
which increased prolificacy played in the yield heterosis 
of the Tripsacum hybrids. The Tripsacum germplasm appears 
to be important in preventing the abortion of the lower 
ear shoots of the hybrids used in this study. This was 
especially true of hybrids containing the Tripsacum chromo¬ 
some in combination with a maize background modified by 
Q0^tain introgressed teosinte chromosome segments. Harris 
et al., (1976) suggest that nonprolific plants, when 
compared with their prolific counterparts, seemed unable 
to take full advantage of their grain-producing capacity 
because they had only one energy sink available. 
Certain hybrids of Group III, especially those hybrids 
numbered 3, 6, 9, and 12 in Figure 10 generated enough 
hybrid vigor that they were able to make productive prolif¬ 
ic ears. However, further study is needed to determine 
which of the possible "prolificacy factors" (Harris et_^., 
1976) are most important in these hybrids. Previous work 
had already established a correlation between exotic 
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Fig. 11. Histogram for Group I 
hybrids indicating the percent of total 
yield obtained from prolific yield. 
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9 
Indicates proportion of total yield 
* attributed to prolific yield. 
8 12 3 4 
GROUP 2 HYBRIDS 
5 6 
Fig. 12. Histogram for Group II 
hybrids indicating the percent of total 
yield obtained from prolific yield. 
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3.01 
2,5. 
2.0i 
9 
1,5. 
l.Oi 
Indicates the proportion of total yield 
which can be attributed to prolific 
yield. 
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germplasm and increased ear number (Sorrells et_ad., 1979). 
New information now exists to indicate that increased he¬ 
terosis can occur along with this increased prolificacy 
(Cohen et al., 1981), 
Three histograms were prepared which graphically pre¬ 
sent the percent of a hybrid's total yield which came from 
prolific yield. This helps to define where the greatest 
prolific tendencies exist as well as where prolific yield 
made a significant contribution towards total yield. The 
histogram in Figure 11 gives this information for the 
hybrids of Group I. Only lines 4, 5, 6 and 7 show some 
degree of prolific yield. 
From Figure 12, which shows the hybrids of Group II, 
prolific yield is seen in all but the control hybrid. 
Prolific yield has increased from what was seen in Figure 
II in lines 1, 2 and 3, In Figure 13, the yields from 
Group III are shown. These lines have the greatest per¬ 
centage of their total yield attributed to prolific yield. 
An increase can be seen to occur for lines 1, 3, 4, 5, 6 
and 7 over that shown for these same lines in Group II. 
Combining Ability 
General combining ability. Previous studies have shown 
that an increase in general and specific combining ability 
can be obtained from the addition of exotic germplasm to 
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maize hybrids (Griffing and Lindstrom, 1954). The reason 
for this has been attributed to the increase in genetic 
diversity of the parental inbred lines once one of them 
has been modified by the introduction of exotic germplasm 
(Reeves, 1950; Johnston, 1966). Further substantiation 
for this correlation is provided by the results of the 
current study. 
A brief review of Table 14 provides this information. 
As expected, the general combining ability value for the 
first tester line, that of the inbred A158, is a low -0.42. 
A large value for the eight hybrids tested here would 
not be expected due to their isogenic nature which has 
intentionally minimized the parental genetic divergence. 
However, a larger general combining ability value occurred 
for the Havels inbred tester line for Group II. This 
value was +0.13. This increase, from -0.42 to +0.13, was 
due to the change in tester lines; indicating the increased 
heterosis which came from the substitution of a more dis¬ 
tant type of maize germplasm for the teosinte substitution 
lines to combine with in forming the hybrids of Group II. 
The general combining ability value for the Group III 
tester line, that being the Havels-Tr 7 (2), was +0.27. 
This value was significantly different from the previous 
ones as shown in Table 15. This increase can only be 
attributed to the epistatic effects of the alien chromosome. 
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This is so because the tester lines for Groups II and III 
are almost equivalent, differing only in that the Group 
III tester line carries the pair of Tripsacum chromosomes. 
This combining ability value for the Havels-Tr 7 (2) 
tester demonstrates the potential for Tripsacum germplasm, 
as has been shown for teosinte and other exotic germ- 
plasms, to contribute to a significant increase in general 
combining ability effects. 
Specific combining ability. The results obtained for 
specific combining ability were hot as progressively rela¬ 
ted to an increased heterosis as were the three tester 
general combining ability values. As shown in Table 17, 
there were specific crossing combinations which produced 
high specific combining ability values. Of the 24 lines 
listed, 10 show positive specific combining ability values. 
As mentioned earlier, and shown in Table 15 and 16, 
approximately 82% of the total sum of squares for the 
combining ability regression is accounted for by the 
regression sum of square. Thus, there was very little 
deviation from regression and consequently very little 
specific combining ability effects. 
This again is in part due to the narrow germplasm 
base involved in the isogenic substitution lines. However, 
the overall contribution of discreet portions of teosinte 
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germplasm or of the extra intact Tripsacum chromosome to 
increasing combining ability is well substantiated by the 
results presented above. 
Alien Gene Expression 
This section will examine the interactions between 
the teosinte substitution lines and the Havels-Tr 7 (2) 
tester line. This set of'hybrids, which comprise Group 
III, shows a great deal of variation in numerous phenotypic 
traits. Although there is not one particular Tripsacum 
locus to observe, as in the previously mentioned expres¬ 
sivity study of the o2 gene (Soave et al., 1976), the 
range of phenotypic expression from the Tripsacum chromo¬ 
some genes does provide indications as to the degree of 
gene regulation occurring within the eight hybrids. Besides 
different yield components, variation was seen in total ear 
number, number of tillers, plant heights, and ear length. 
As mentioned previously, the Tripsacum chromosome did 
contribute to yield heterosis in an epistatic manner. If 
the hybrids of Group III are ranked in order of total 
yield they appear as follows: 
1) Al58-Fla.4&9 x Hav.-Tr 7 (2) 
2) Al58-Fla.9 x Hav.-Tr 7 (2) 
3) A158-Fla.4 x Hav.-Tr 7 (2) 
4) A158-Dur.1,7,9 x Hav.-Tr 7 (2) 
5) Al58-Fla.3,4,9 x Hav.-Tr 7 (2) 
2.43 kg 
2.33 kg 
2.10 kg 
2.06 kg 
2.01 kg 
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6) A158-Fla.3 x Hav.-Tr 7 (2) 
7) A158 X Hav,-Tr 7 (2) 
8) Al58-Nobo.4 x Hav.-Tr 7 (2) 
2.00 kg 
1.83 kg 
1.58 kg 
This ranking highlights the Al58-teosinte substitution 
background genome in which the Tripsacum germplasm was 
most expressive. It can be seen that the quantitative 
trait of yield, varying from 2.43 kg to 1.58 kg, is subject 
to epistatic interactions just as qualitative genes are. 
A point to recall here is that the hybrids in Group II 
each represent a control for the hybrids of Group III. 
The only difference in the parental genotypes of the two 
groups is the presence of the Tripsacum chromosome in 
Group III hybrids. 
Thus, the background genotypes most favorable for 
the expression of the Tripsacum chromosome are: Al58-Fla. 
4 & 9, Al58-Fla. 9, and, A158-Fla. 4. It is in combination 
with these particular teosinte chromosome segments that 
the genes located on this Tripsacum chromosome are most 
"turned on" and able to reach a relatively high level of 
expression. The data presented in Figure 10, as described 
in the section of this chapter which dealt with heterosis, 
gives a graphic presentation of how much each of these 
lines were able to out-yield their respective control 
hybrids from Group II. 
It was not expected that the phenotypic expression of 
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the Tripsacum germplasm would be regulated identically in 
each of the eight hybrids. However, it was a surprise to 
see that it showed virtually no signs of expression in 
the control cross which had no teosinte germplasm present. 
Instead, it reached fullest expression in a background 
genome which contained different segments from Florida 
teosinte germplasm. 
Genetic Improvement of Maize 
It has been over ten years ago that the southern corn 
leaf blight epidemic occurred in the corn belt. Research 
on the dangers of crop uniformity and genetic vulnerability 
still are of major interest and importance (Brown, 1975). 
The current study has provided data which demonstrates the 
ability of progenitor and alien germplasm to increase the 
amount of agronomically useful genetic variation contained 
in maize inbreds and hybrids. 
Recent surveys show that many breeders believe that 
the current elite lines are able to provide sufficient 
genetic diversity in which to find a specific source of 
pest resistance (Walsh, 1981) . However, it also mentions 
that a major effort is being made to broaden the germplasm 
base currently being utilized. This is v/here exotic geimi- 
plasm, such as was used in this study, could be of impor¬ 
tance in the genetic improvement of maize. 
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Research by Hallauer (1978) has emphasized that exotic 
germplasm is potentially useful for enhancing heterosis 
because it is able to increase the genetic divergence 
among both breeding populations and inbred lines. This 
conclusion is substantiated by the increase in heterosis 
observed in this study. Other research has proven teosinte's 
ability to increase yield (Sehgal, 1963), but this research 
also confirms the ability of a Tripsacum chromosome to 
significantly contribute to heterosis of yield as well. 
In addition, this experiment has demonstrated the ability 
of teosinte and Tripsacum germplasm to work in a synergis¬ 
tic manner to effectively increase yield (Cohen, 1981). 
In these particular hybrids, the teosinte germplasm would 
come in from one parent and the Tripsacum germplasm from 
the other parent. 
Hallauer (1978) states that a recurrent selection 
program would be the most expedient means of incorporating 
exotic material into adapted varieties. The ability to 
isolate discrete portions of alien geonnplasm, then to deter¬ 
mine its homoeologous association to its maize counterpart, 
should also be part of the plant breeder's program. 
It has been shown here that not all of the teosinte 
substitution lines perform the same for the phenotypic 
traits studied. Nor did the Tripsacum germplasm have a 
uniform level of expression in the different hybrids. 
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The identification of these segments and of the alien 
chromosome helps to understand why these differences in 
phenotypes occurred. The importance of such intergenomic 
mapping studies (Galinat, 1973a) is substantiated by the 
various results obtained from this research. 
Finally, the hybrids made for this research did not 
deviate in any major way from the standard levels of 
acceptance for adapted corn belt germplasm. Even hybrids 
of Group III in which both teosinte and Tripsacum germ- 
plasm were present were not adversely affected in terms 
of plant or ear characteristics. No major delays in 
flowering time nor in ear moisture were experienced. 
Thus, progenitor and relative germplasm, when employed in 
discrete, limited segments within a suitable maize back¬ 
ground have proven their agronomic utility without the 
undesirable effects associated with many sources of exotic 
germplasm. 
LITERATURE CITED 
Allard, R. W. 1960. Principles of Plant Breeding. John 
Wiley and Sons, Inc., N.Y. 
Anderson, Edgar. 1944. Homologies of the ear and tassel 
in Zea mays. Ann. M. Bot. Card. 31:325-340. 
_t and L. Hubricht. 1938. The evidence for introgressive 
hybridization. Amer. J. Bot. 25:396-402. 
Arbuthnott, J. P. and J. A. Beeley, editors, 1975. 
Isoelectric Focusing. Butterworths, Inc., London, U.K. 
Athwal, R. W. and 0. W. McBride. 1980. Chromosome mediated 
gene transfer and microcell hybridization. Genetic 
Improvement of Crop Plants, ed. by I. Rubenstein, B. 
Gengenback, R. L. Phillips and C. E. Green, Univ. of 
Minnesota Press, Minneapolis, MN, p. 153-181. 
Barclay, I. R. 1975. High frequencies of haploid production 
in wheat (Triticum aestivum) by chromosome elimination. 
Nature. 256:410-411. 
Beadle, G. W. 1932. The relation of crossing over to chromo¬ 
some association in Zea-Euchlaena hybrids. Genetics 
17:481-501. 
_, 1978. Teosinte and the origin of maize. Maize 
Breeding and Genetics, ed. by D. B. Walden, John Wiley 
and Sons, N.Y., p. 113-128. 
_, 1980. The ancestry of corn. Sci. Amer. 242:112-119. 
Bedbrook, J.; W. Gerlach; R. Thompson; J. Jones and R. B. 
Flavell. 1980. Molecular cloning of higher plant DNA. 
In, Genetic Improvement of Crop Plants, ed. by I. 
Rubenstein, B. Gengenbach, R. L. Phillips, and C. E. 
Green, Univ. of Minnesota Press, Minneapolis, MN. 
Bergquist, R. R. 1981. Transfer from Tripsacum dactyloides 
to corn a major gene conditioning resistance to 
Puccinia sorghi. Phytopathology 71:518-520. 
Bradshaw, A. D. 1972. Some of the evolutionary consequences 
of being a plant. Evolutionary Biology. 5:25-44. 
159 
160 
Bregliano, J. C.; G. Picard; A. Bucheton; A. Pelisson; 
J. M. Lavige, and P. L. Heritiez. 1980. Hybrid 
dysgenesis in Drosophila melanoqaster. Science. 207: 
606-611. 
Brown, W. L. 1975. A broader germplasm base in corn and 
sorghum. 1975 Proceedings of the 13th Annual Corn 
and Sorghum Research. Conference. p. 81-89. 
_. 1978 . Introductory remarks on the session on evolu¬ 
tion. Maize Breeding and Genetics, ed. by D. B. 
Walden, John Wiley and Sons, N.Y. 
Burr, B. and F. A. Burr. 1979. Molecular basis of zein 
protein synthesis in maize endosperm. The Plant 
Seed: Development, Preservation and Germination, ed. 
by I. Rubenstein, Academic Press, N.Y. 
Carlson, P. S.; H. H. Smith, and R. D. Dearing. 1972. Para- 
sexual interspecific plant hybridization. Proc. Natl. 
Acad. Sci. USA. 69:2292-2294. 
Chaganti, R. S. D. 1965. Cytogenetic Studies of Maize - 
Tripsacum Hybrids and their derivatives. Bussey Inst., 
Harvard Univ., Cambridge, MA. 
Chandravadana, P.; W. C. Galinat, and B. G. S. Rao. 1971. 
A cytological study of Tripsacum dactyloides. Jour. 
Hered. 62:280-84. 
Chang, T. T. 1976. Rice. Evolution of Crop Plants, ed. 
by N. W. Simmonds, Longman Inc., London, U.K. 1976. 
p. 98-108. 
Celarier, R. P. 1957. Cytotaxonomy of the Andropogonea II. 
Subtribes Ischaeminae, Rottboelliinae, and the Maydeae. 
Cytologia. 22:160-63. 
Clayton, W. D. 1973. The awnless genera of Andropogoneae: 
Studies in the Gramineae: XXXIII. Kew Bulletin. 28: 
49-58. 
Cohen, J. I. 1981. Heterotic responses of maize hybrids 
containing alien germplasm. Maize Gen. Coop Newsletter. 
55:111-112. 
161 
_; W. C. Galinat, and C. V. Pasupuleti. 1981. Evalua¬ 
tion of exotic germplasm for crop improvement. Aaron. 
Abs. 1981. p. 58. 
_. Unpub. A preparatory study of genetic manipulations 
with Zea mays. Botany Dept., Univ. of Mass, Amherst, 
1978 . 
Committee on Genetic Vulnerability of Major Crops. 1972. 
Genetic Vulnerability of Major Crops. 307 p. National 
Academy of Sciences, Washington, D.C. U.S.A. 
Conde, M. F.; D. D. Pring and C. S. Levings III. 1979. 
Maternal inheritance of organelle DNA's in Zea mays 
- Zea perennis reciprocal crosses. Jour, of Hered. 
70:2-4. 
Davies, D. R. 1974. Chromosome elimination in inter-specific 
hybrids. Heredity. 32:267-70. 
deWet, J. M. J. 1979. Tripsacum introgression and agronomic 
fitness in maize. Broadening the genetic base of 
crops, ed. by A. C. Zeven and A. M. van Harten, Pudoc, 
Wageningen, Netherlands, p. 203-210. 
_, and J. R. Harlan. 1978. Tripsacum and the origin of 
maize. Maize breeding and Genetics, ed. by D. B. 
Walden, John Wiley and Sons, N.Y. 
_; D. H. Timothy; R. W. Hilu, and G. B. Fletcher. 1981. 
Systematics of South American Tripsacum. Amer. Jour. 
Bot. 68:269-276. 
Doebley, John F. 1980. The maize and teosinte male inflores¬ 
cence: A numerical taxonomic study. Ph.D. Dissertation, 
Univ. of Wisconsin, Madison, WI. 
, and H. H. litis. 1980. Taxonomy of Zea (Gramineae). 
I. A. subgeneric classification with key to taxa. 
Amer. Jour. Bot. 67:982-933. 
Doggett, H. 1965. Disruptive selection in crop development. 
Nature. 206:279-280. 
Dudley, J. W.; R. J. Lambert, and D. E. Alexander. 1974. 
Seventy generations of selection for oil and protein 
concentration in the maize kernel. Crop Science 
Society of America, Madison, WI. 
162 
East, E. M. 1936, Heterosis. Genetics. 21:375-97. 
Emmerson, R. A. and G. W. Beadle. 1932. Studies of Euchlaena 
and its hybrids with Zea. II. Crossing-over between 
the chromosomes of Euchlaena and those of Zea. Z. 
Abstam. Vererbungse. 62:305-315. 
Feldman, M. and E. R. Sears. 1981. The wild gene resources 
of wheat. Sci. Amer. 244:102-112. 
Fincham, J. R. S. 1972. Heterozygous advantage as a likely 
general basis for enzyme polymorphism. Heredity 28: 
387-91. 
Flavell, R. B.; M. O'Dell, and J. Jones. 1980. Cereal 
genome studies and plant breeding research. In, 
Genetic Improvement of Crops, ed. by I. Rubenstein, 
B. Gengenbach, R. L. Phillips, and C. E. Green Univ. 
of Minnesota Press, Minneapolis, MN, p. 76-90. 
_; M. O'Dell; J. Rimpau, and 0. B. Smith. 1978. Bio¬ 
chemical detection of alien DNA incorporated into 
wheat by chromosome engineering. Heredity. 40:439-55. 
Frankel, 0. H. 1974. Genetic conservation: our evolutionary 
responsibility. Genetics. 78:53-65. 
_. 1977. Genetic Resources. Annals of the N.Y.A. of Sci. 
287:332-344. 
Freeling, M.; J. C. Woodman, and D. S. K. Cheng. 1976. 
Developmental potentials of maize tissue cultures. 
Maydica. 21:97-112. 
Galinat, W. C. 1971. The origin of maize. Ann. Rev. of 
Genetics. 5:447-478. 
_, 1973a. Intergenomic mapping of maize, teosinte and 
Tripsacum. Evolution. 27:644-655. 
_, 1973b. Preserve Guatemalan teosinte, a relic link 
in corn's evolution. Science. 180:323. 
_, 1973c. Form and function of plant structures in the 
American Maydeae and their significance for breeding. 
Eco. Bot. 17:51-59. 
163 
_• 1974 . The domestication and genetic erosion of 
maize. Eco. Bot. 28:31-37. 
_t 1977. The origin of corn. In, Corn and Corn Improve¬ 
ment, ed. by G. F. Sprague, Agronomy 18, Amer. Soc. 
of Agron. Madison, WI. 
_^ 1978 . The inheritance of some traits essential to 
maize and teosinte. Maize Breeding and Genetics, 
ed. by D. B. Walden, John Wiley and Sons, N.Y. 
_/ In press (a). Domestication and diffusion of maize. 
_f In press (b). Maize breeding and its raw material. 
In, Plant Molecular-Biology Newsletter. 
Gatenby, A. A.; J. A. Castleton, and M. W. Saul. 1981. 
Expression in E. coli of maize and wheat chloroplast 
genes for large subunit of ribulose bisphosphate 
carboxylase. Nature. 291:117-121. 
Gengenbach, B. G. and J. A. Connelly. 1981. Mitochondrial 
DNA variation in maize plants regenerated during tissue 
culture selection. Theor. Appl. Genet. 59:161-167. 
_'i C. E. Green, and C. D. Donovan. 1977. Inheritance of 
selected pathotoxin resistance in maize plants regen¬ 
erated from cell cultures. Proc. Nat. Acad. Sci. 74: 
5113-17. 
Goodman, M. M. 1976. Maize. Iii, Evolution of Crop Plants, 
ed. by N. W. Simmonds, Longman Inc., London, U.K. 
p. 128-136. 
_, and C. W. Stuber. 1980. Genetic identification of 
lines and crosses using isoenzyme electrophoresis. 
In, Proceedings of the 35th Annual Corn and Sorghum 
Industry Research Conference, p. 10-31. 
Gowan, J. W., ed. 1952. Heterosis. Iowa State College Press, 
Ames, Iowa. 
Grant, Verne. 1975. Genetics of Flowering Plants. Columbia 
Univ. Press. N.Y. 
Green, C. E. 1978. Cell and tissue culture of maize. In, 
Maize Breeding and Genetics, ed. by D. B. Walden, 
John Wiley and Sons, N.Y. 
164 
Green, C. E. and R. L. Phillips. 1975. Plant regeneration 
from tissue culture of maize. Crop Sci. 15:417-21. 
Griffing, B. 1956. Concept of general and specific 
combining ability in relation to diallel cross 
systems. Aust. Jour. Biol. Sci. 9:463-493. 
_, and E. W. Lindstrom. 1954. A study of the combining 
abilities of corn inbreds having varying proportions 
of corn-belt and non-corn-belt germplasm. Agron. 
Jour. 46:545-552. 
Hackel, E. 1890. The True Grasses. New York: Henry Holt. 
Hageman, R. H.; E. R. Leng, and J. W. Dudley. 1967. A 
biochemical approach to corn breeding. Adv. in Agr. 
19:45-86. 
Hallauer, A. R. 1978. Potential of exotic germplasm for 
maize improvement. Maize Breeding and Genetics, 
ed. by D. B. Walden, John Wiley and Sons, N.Y. 
p. 229-247. 
Hammons, R. 0. 1976. Peanuts: Genetic vulnerability and 
breeding strategy. Crop Sci. 16:527-530. 
Harlan, J. R. 1972. Genetics of disaster. Jour. Env. 
Qual. 1:212-215. 
_, and J. M. J. deWet, 1977. Pathways of genetic trans¬ 
fer from Tripsacum to Zea mays. Proc. Nat. Acad. Sci. 
U.S.A. 74:3494-3497. 
Harris, R. E.; R. H. Moll, and C. W. Stuber. 1976. Control 
and inheritance of prolificacy in maize. Crop Sci. 
16:843-850. 
Hawkes, J. G. 1979. Genetic poverty of the potato in 
Europe. Broadening the Genetic Base of Crops, 
ed. by A. C. Zeven and A. M. van Harten, Pudoc, 
Wageningen, Netherlands, p. 19-27. 
Hitchcock, A. S. and A. Chase. Manual of the Grasses of 
the United States. 2nd edition. 1950. U.S.D.A. Pub. 
# 200, U.S. Gov. Printing Office, Washington, D.C. 
165 
Hooker, A. L. 1977. A plant pathologist's view of germ- 
plasm evaluation and utilization. Crop Sci. 17:689- 
694. 
_, and J. M. Perkins. 1980. Helminthosporium leaf 
blights of corn - the state of the art. Corn and 
Sorghum Research Conference, Pub. #35:68-87. 
Hoyle, M. C. 1979. Isoelectric focusing: Start up and 
problem-solving suggestions. Amer. Lab. 12:32-43. 
Hull, F. H. 1946. Regression analysis of corn yield data 
(abstract). Genetics. 31:219. 
Huxley, J. 1943. Evolution, The Modern Synthesis. Harper 
and Brothers Publishers, N.Y. 
litis, H. H. and J. F. Doebley. 1980. Taxonomy of Zea 
(Graminese). II. Subspecific categories in the Zea 
mays complex and a generic synopsis. A.J.B. 67:994-1004. 
_, H. H; J. F. Doebley; R. M. Guzman, and B. Pazy. 
1979. Zea diploperennis (Gramineae): A new teosinte 
from Mexico.Science. 203:186-188. 
James, J. 1979. New maize x Tripsacum hybrids for maize 
improvement. Euphytica. 28:239-247. 
Johnston, G.S. 1966. Manifestations of teosinte and 
"Tripsacum" introgression in corn belt maize. 
Bussey Institution of Harvard Univ., Cambridge, MA. 
Jones, D. F. 1917. Dominance of linked factors as a means 
of accounting for heterosis. Genetics. 2:466-479. 
_, 1957. Gene action in heterosis. Genetics. 42:92-103. 
Kato, Takeo Angel Y. 1975. Cytological studies of maize 
[Zea mays L.] and teosinte [Zea mexicana Schrader 
Kuntze] in relation to their origin and evolution. 
Mass. Agri. Exp. Stn. Bull. 635, 172 p. 
Keeble, F. and C. Pellew. 1910. The mode of inheritance 
of stature and time of flowering in peas (Pisum 
sativum). Jour. Gent. 1:47-56. 
166 
Kidwell, M. G.; J. F. Kidwell, and J. A. Sved. 1977. 
Hybrid dysgenesis in Drosophila melanoqaster: 
a syndrome of aberrant traits including mutation, 
sterility, and male recombination. Genetics. 86:813- 
833. 
Kleese, R. A. and D. N. Duvick. 1980. In, Genetic Improve¬ 
ment of Crops, ed. by I. Rubenstein, B. Gengenbach, 
R. L. Phillips and C. E. Green, Univ. of Minnesota 
Press, Minneapolis, MN. p. 24-43. 
Larkins, B. A; K. Pedersen; W. J. Hurkman; A. K. Handa; 
A. C. Mason; C. Y. Tsai, and M. A. Hermodson. 1979. 
Maize storage proteins: characterization and bio¬ 
synthesis. Genome Organization and Expression 
In Plants, ed. by C. J. Leaver, Plenum Press, N.Y. 
p. 203-217. 
Levings, C. S. Ill; D. D. Kim; D. R. Ping; M. F. Conde; 
R. J. Mans; J. R. Laughnan, and S. J. Gabau-Laughnan. 
1980. Cytoplasmic reversion of cms-S in Maize: 
Association with a transpositional event. Science. 
209:1021-23. 
Lovell, T. W.; J. H. McGahen, and M. W. Johnson. 1980. 
Pennsylvania commercial hybrid corn tests report. 
P.S.U., Extension Service, Univ. Park, PN. 
Maguire, M. P. 1957. Cytogenetic studies of Zea hyperploid 
for a chromosome derived from Tripsacum. Genetics 42: 
473-486. 
Mangelsdorf, P. C. 1974. Corn, Its Origin, Evolution and 
Improvement. Harv. Univ. Press, Cambridge, MA. 
_, and R. G. Reeves. 1931. Hybridization of maize, 
Tripsacum and Euchlaena. Jour. Hered. 22:329-343. 
Mather, K. 1955. The genetical basis of heterosis. Proc. 
Royal Soc. B 144:143-150. 
McClintock, Barbara. 1978. Significance of chromosome 
constitutions in tracing the origin and migration 
of races of maize in the Americas. In, Maize Breeding 
and Genetics, ed. by D. B. Walden, John Wiley and 
Sons, N.Y. 
167 
Moll , R. H.; W. D. Hanson; C. S. Levings, and Y. Okta. 
1972. Association between chromosomal knobs of Zea 
mays L. and agronomic performance. Crop Sci. 12:585- 
89. 
Moll, R. H.; J. H. Lonnquist; J. Velez Fortune, and E. C. 
Johnson. 1965. The relationship of heterosis and 
genetic divergence in maize. Genetics. 52; 139-144. 
Nucca, R.; C. Soave; M. Motto, and F. Salamini. 1978. 
Taxonomic significance of the zein isoelectric 
focusing pattern. Maydica 23: 239-249. 
Pasupuleti, Chandra V. and W. C. Galinat. In press. Zea 
diploperennis: 1. Its chromosomes and comparative 
cytology. Jour, of Heredity. 
Paulis, J. W. and J. S. Wall. 1977. Comparison of the 
protein composition of selected corns and their wild 
relatives, teosinte and Tripsacum. J. Agric. Food 
Chem. 25:265-270. 
Peterson, P. A. 1978. Controlling elements: the induction 
of mutability at the ^ and C locus in maize. In, 
Maize Breeding and Genetics, ed. by D. B. Walden, 
John Wiley and Sons, N.Y. 
Potrykus, I.; C. T. Harms; H. Lorz, and E. Thomas. 1977. 
Callus formation from stem protoplasts of corn 
{Z, mays L.). MGG 156:347-350. 
Power, J. B.; S. E. Cummins, and E. C. Cocking. 1970. 
Fusion of isolated plant protoplasts. Nature. 225: 
1016-1018. 
Prior, C. L. and W. A. Russell. 1975. Yield performance of 
nonprolific and prolific maize hybrids at six plant 
densities. Crop Sci. 15:482-486. 
Rao, B. G. S. and Galinat, W. C. 1974. The evolution of 
the American maydeae. I. The characteristics of two 
Tripsacum chromosomes (Tr 7 and Tr 13) that are partial 
homeologs to maize chromosome 4. Jour, of Her. 65:335- 
340. 
and . 1976. The evolution of the American 
maydeae. II. The characteristics of a Tripsacum 
chromosome (Tr 9) homoeologous to maize chromosome 2. 
Jour, of Her. 67:235-240. 
168 
Reeves, R. G. 1950. The use of teosinte in the improvement 
of corn inbreds. Agron. Jour. 42:248-51. 
_, and P. C. Mangelsdorf. 1942. A proposed taxonomic 
change in the tribe maydeae (family Gramineae). Amer. 
Jour. Bot. 29:815-17. 
_, 1978. The Tomato. Sci. Amer. 239:76-87. 
Rick, C. M. 1958. The role of natural hybridization in the 
derivation of cultivated tomatoes of Western South 
America. Eco. Bot. 12:346-67. 
_, and G. S. Kush. 1976. Chromosome engineering in 
Lycopersicon. In, Chromosome Manipulations and Plant 
Genetics, ed. by R. Riley and K. R. Lewis, Oliver 
and Boyd, Edinburgh, U.K. p. 8-20. 
Righetti, P. G. and J. W. Drysdale. 1976. Isoelectric 
Focusing. North-Holland Publishing Company, Amsterdam. 
Rogers, J. S. 1950. The inheritance of inflorescence 
characters in maize-teosinte hybrids. Genetics. 35: 
541-558. 
Ruchel, R. 1977. Two dimensional microseparation technique 
for proteins and peptides combining isoelectric focusing 
and gel gradient electrophoresis. Jour, of Chrom. 132: 
451-468. 
Sarkissian, I. V. and H. K. Srivastava. 1967. Mitochondrial 
polymorphism in maize. II. Further evidence of correla¬ 
tion of mitochondrial complementation and heterosis. 
Genetics. 57:843-850. 
Schooler, A. B. and M. K. Anderson. 1979. Interspecific 
hybrids between (Hordeum brachyantherum L. x H. 
boqdanii Wilensky) x H. vulgare L. Jour, of Her. 70: 
70-72. 
Schwartz, D. 1973. Single gene heterosis for alcohol 
dehydrogenase in maize: the nature of the subunit 
interaction. T.A.G. 43:117-120. 
Sears, E. R. 1974. The wheats and their relatives. In,^ 
Handbook of Genetics, Vol. II. ed. by Robert C. King, 
Plenum Press, N.Y. p. 59-91. 
169 
Sehgal, S. M. 1963. Effects of teosinte and "Tripsacum" 
introgression in maize. Bussey Institute of Harv. 
Univ. Ph.D. dissertation, Cambridge, MA. 
_, and W. L. Brown. 1965. Introgression in corn belt 
maize. Eco. Bot. 19:83-88. 
Sen, D. 1981. An evaluation of mitochondrial heterosis 
and in vitro mitochondrial complementation in wheat, 
barley, and maize. T.A.G. 59:153-160. 
Senadhira, D. 1976. Genetic variation in corn and its 
relatives. Ph.D. Thesis. Univ. of Cal. Davis, CA. 
p. 126. 
Shepard, J. F. 1980. Mutant selection and plant regeneration 
from potato mesophyll protoplasts. Genetic Improve¬ 
ment of Crops, ed. by I. Rubenstein, B. Gengenbach, 
R. L. Phillips and C. E. Green, Univ. of Minnesota 
Press, Minneapolis, MN. p. 185-219. 
Shull, G. H. 1911. Experiments with maize. Botanical 
Gazette. 52:480. 
_, 1952. Beginnings of the heterosis concept. In, 
Heterosis, ed. J. W. Gowan, Iowa State College Press, 
Ames, Iowa. p. 14-48. 
Simmonds, N. W. 1979. Principles of crop improvement. 
Longman, London, p. 287-289. 
Simone, G. W. and A. L. Hooker. 1976. Monogenic resistance 
in corn to Helminthosporium turcicum derived from 
Tripsacum floridanum. Proc. Am. Phytopath. Soc. 3:207. 
Singleton, W. R. 1955. The contribution of radiation 
genetics to agriculture. Agron. Jour. 47:113-117. 
Sinka, S. K. and R. Khanna. 1975. Physiological, biochemical 
and genetic basis of heterosis. Adv. In Agron. 27: 
123-174. 
Smith, H. H. 1971. Broadening the base of genetic varia¬ 
bility in plants. Jour, of Hered. 62:265-276. 
170 
Smith, J. S. C. 1977. Biochemical systematic studies of 
Zea, Tripsacum, and related genera. Ph.D. Thesis, 
Univ. of Birmingham, U.K. 
_/ snd R. N. Lester. 1980. Biochemical systematics 
and evolution of Zea, Tripsacum and related aenera. 
ECO. Bot. 34:201-218. 
Snape, J. W.; C. N. Law; C. F. Young, and A. J. Worland. 
1979. Genetical analysis of chromosome substitution 
lines of bread wheat using second generation hybrids. 
Heredity. 42:247-58. 
Soave, C.; P. G. Righetti; C. Lorenzoni; E. Gentinetta, 
and F. Salamani. 197'6. Expressivity of the opaque-2 
gene at the level of zein molecular components. ~ 
Maydica 21:61-75. 
Seller, M. and J. Plotkin-Hazen. 1977. The use of marker 
alleles for the introgression of linked quantita¬ 
tive alleles. T.A.G. 51:133-37. 
Sorrells, M. E.; J. H. Lonnquist, and R. E. Harris. 1979. 
Inheritance of prolificacy in maize. Crop Sci. 19:301- 
306 . 
Sprague, E. W. and K. W. Finlay. 1976. Current status of 
plant resources and utilization. CIMMYT Reprint No. 19, 
CIMMYT, Mexico. 
Stalker, H. T. 1980. Utilization of wild species for crop 
improvement. Adv. in Agr. 33:111-147. 
_, J. R. Harlan, and J. M. J. deWet. 1977. Cytology 
and morphology of Maize - Tripsacum introgression. 
Crop Sci. 17:745-748. 
Stebbins, G. L. 1950. Variations and Evolution In Plants. 
Columbia Univ. Press, New York, N.Y. 
Stegemann, H. 1977. Identification of corn cultivars 
with gel electrophoretic methods. Z. Acker-Und P. 
Flanzenbau. 144:157-161. 
Stuber, C. W.; R. H. Moll; M. M. Goodman; H. E. Schaffer, 
and B. S. Weir. 1980. Allozyme frequency changes 
associated with selection for increased grain yield 
in maize. Genetics. 95:225-236. 
171 
Stutz, H. C. 1972. On the origin of cultivated ry.e Amer. 
Jour. Bot. 59:59-70. 
Sved, J. A. 1979. The "hybrid dysgenesis" syndrome in 
Drosophila melanogaster. Bio. Science. 29:659-664. 
Tantravahi, Ramna V. 1968. Cytology and crossability 
relationships of Tripsacum. Bussey Inst, of Harvard 
Univ., Cambridge, MA. 
Timothy, D. H.; C. S. Levings III; D. R. Pring; M. F. Conde, 
and J. L. Kermiele. 1979. Organelle DNA variation and 
systematic relationships in the genus Zea: Teosinte. 
Proc. Natl. Acad. 76:4220-4224. 
Ting, Y. C. 1964. Chromosomes of maize-teosinte hybrids. 
Bussey Inst, of Harvard Univ., Cambridge, MA. 
Vasil, I. K.; R. A. Mulkh, and V. Vasil. 1979. Plant tissue 
cultures in genetics and plant breeding. Adv. In 
Genetics. 29:127-215. 
Walsh, J. 1981. Genetic vulnerability down on the farm. 
Science. 214:161-64. 
V^eatherwax, P. 1954 . Indian corn in old America. Macmillan, 
N.Y. p. 253. 
Webster, 0. J. 1976. Sorghum vulnerability and germplasm 
resources. Crop Sci. 16:553-556. 
Wernsman, E. A.; D. F. Matzinger, and T. J. Mann. 1976. 
Use of progenitor species germplasm for the improvement 
of a cultivated allotetraploid. Crop Sci. 16:800-03. 
Wilkes, H. G. 1967. Teosinte: the closest relative of maize. 
The Bussey Inst., Harvard University, Cambridge, r4A. 
. 1972. Maize and its wild relatives. Science. 177: 
1071-77. 
. 1977. Hybridization of maize and teosinte in Mexico 
and Guatemala and the improvement of maize. 31:254-293. 
Wilson, C. M. 1978. Some biochemical indicators of genetic 
and developmental controls in endosperm. Maize^ 
Breeding and Genetics, ed. by D. B. Walden, John Wiley 
and Sons, N.Y. 
172 
Wrigley, C. W. 1977. Isoelectric focusing of seed proteins. 
In, Biological and biomedical applications of iso¬ 
electric focusing, ed. by N. Catsimpoolas and J. 
Drysdale. Plenum Press, N.Y.,p. 211-263. 
Zali, A. A. and R. W. Allard. 1976. The effect of level 
of heterozygosity on the performance of hybrids between 
isogenic lines of barley. Genetics. 84:765-775. 
Zouros, E. 1976. Hybrid molecules and the superiority of 
the heterozygote. Nature. 262:227-229. 
APPENDIX 
173 
APPENDIX A 
TABLE 26 
CONTRASTING PLANT CHARACTERISTICS OF 
MAIZE, TEOSINTE AND TRIPSACUM 
I. Genome Characteristics 
A. Knob positions 
1. Maize: Zea mays ssp. mays 
a. Approximately 25 knob positions, being 
primarily intercalary 
b. Populations of the Southwest having highest 
knob numbers while those of the Northeast 
are almost•knobless 
c. Nine knob complexes have been identified 
2. Teosinte 
a. Zea luxurians: Race Guatemala: many knobs, 
all termiinal; collections: Jutiapa and 
Huejuetenango 
b. mays ssp. mexicana: Race Mexican: many 
knobs, mostly intercalary; Nobogame: almost 
knobless 
c. perennis: Tetraploid perennial: few 
diminutive knobs, terminal positions 
d. Z, diploperennis: Diploid perennial: knob 
positions similar to those of Z. perennis, 
fixed terminal positions numbering eleven 
to thirteen 
3. Tripsacum 
a. Knobs mostly terminal 
B. Inversions 
1. Maize: inversions present on chromosomes 1, 4, 8 
2. Teosinte: numerous, small inversions 
a. Z. diploperennis: inversions on 9 
b. Z. perennis: inversions on 9 
c. Z. mexicana: Race Chaleo: inversions on 3, 8, 
9; Race Nobogame: inversions on 5, 8, 9 
C. Ploidy values 
1. Maize: x=10, 2n=20 
2. Teosinte: x=10, 2n=20, 4x=40 
3. Tripsacum: x=18, 2n=36, 4x=72 
II. Perennial Tendencies 
A. Maize: none existing 
B. Teosinte: both the diploid, diploperennis, and 
the tetraploid, Z. perennis are perennial 
C. Tripsacum: eleven perennial species 
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III. Protein Comparisons 
A. Tissue surveys via electrophoresis 
1. Maize: both storage proteins and isozymes found 
to be very similar to Mexican teosinte races 
2. Teosinte: storage proteins and isozymes found 
to be very similar to maize 
3. Tripsacum: found to differ from both teosinte 
and maize 
B. Organelle surveys 
1. Chloroplast genome groupings: Guatemalan and 
tetraploid; Balsas and Huejuetenago; other 
annual teosint.es 
IV. Wide Hybridization Potential 
A. Maize: fully fertile in hybrid combinations with 
most of the varieties of teosinte 
B. Teosinte: all races compatible with maize; no race 
compatible with Tripsacum 
C. Tripsacum: Experimental hybrids possible with maize, 
especially if T. floridanum or T. dactyloides is 
used as the male; no experimental hybrids ever pro¬ 
duced with teosinte 
V. Life History Tactics 
A. Maize: domesticated, dependent upon man for surviv¬ 
al, no wild populations, Mexican races subject to 
introgression from teosinte 
B. Teosinte: wild and weedy populations; annuals and 
perennials, neither dependent upon man; some popu¬ 
lations coevolving with corn and subject to intro¬ 
gression 
C. Tripsacum: populations are all perennial and can 
be successful as either wild or domesticated plants 
VI. Inflorescences 
A. Pistillate spikes 
1. Teosinte: usually unisexual; laterally borne; 
two-ranked (solitary spikelets); only one 
floret differentiating; relaxed condensation 
2. Maize: laterally borne; polystichous spike 
(paired spikelets); only one floret develops 
per spikelet; highly condensed 
3. Tripsacum: usually bisexual lateral inflores¬ 
cences; two-ranked (solitary spikelets), only^ 
floret differentiating; relaxed condensation one 
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B. Staminate spikes 
1. Teosinte: distichous tassel branches; often 
without a prominent central spike; spikelets 
paired 
2. Maize: distichous tassel branches; polystichous 
central tassel spike; prominent central spike; 
spikelets paired 
3. Tripsacum: bisexual inflorescences; upper part 
of each inflorescence is male; spikelets paired 
APPENDIX B 
TABLE 27 
ELECTROPHORETIC SURVEYS OF ZEA 
I. Isozyme Surveys 
A. Senadhira (1976): use of 20 isozyme loci for 
measures of genetic variation 
B. Stuber et al., (1980): allozyme frequencies and 
their correlations to agronomic traits 
C. Goodman and Stuber (1981) : use of 14-20 isozymes 
for the genetic identification of inbreds and 
hybrids 
II. Storage Proteins 
A. Stegemann (1977): identification of corn cultivars 
by their protein profiles 
B. Paulis and Wall (1977) : examination of various 
protein fractions from maize, teosinte, and 
Tripsacum 
C. Smith (1977): systematic study of protein fractions 
from Zea 
D. Wrigley (1977) : survey of isoelectric focusing of 
seed proteins from many plant species 
III. Organelle Genome Studies 
A. Levings et al. , (1980): studies on cytoplasmic 
sterility and typing cytoplasms 
B. Timothy et al., (1979): chloroplast DNA restriction 
endonuclease fragment analysis of species from Zea 
C. Conde et al. , (1979): demonstration of maternal 
inheritance 
D. Gatenby et al., (1981): expression of maize chloro¬ 
plast genes in E. coli 
IV. Tissue Culture 
A. Gengenbach and Connelly (1981) : mitochondrial vari¬ 
ation in regenerated maize plants 
V. Zein Electrophoresis 
A. Larkins et al. , (1979): Zein isolation and compar¬ 
ative surveys 
B. Burr and Burr (1979): cloning of zein sequences 
and hybridizations 
C. Nucca et al., (1978): taxonomic studies with zein 
fractions 
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VI. Developmental Studies 
A. Wilson (1978): Detection of various enzyme products 
at various stages of kernel maturation 
^
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